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ABSTRACT

Tables of integrated absorption coefficients have been evaluated for high-

temperature air by summation of the contributions from the following discrete

transitions:

NO X2 11 -B 21, Beta

X21I -A 2 T Gamma

3- - B 3  
- Schumann-Runge

g u

NO A32;-+ B3 I First positive

B3II -- C311 Second positiveg u

N + X2Z+ -B 2 2 First negativeE2 g u

and from the following continuous transitions:

O Photodetachment absorption

N, 0 Photoelectric absorption from excited states

e Free-free absorption in the presence of ionic fields

The tables have been computed for dry air in the temperature range from
1,000°K to 12,000 K, at equal energy increments of 0.25 ev (2,016.5 cm-1 ), in

the wavelength range from 1, 167 X to 19, 837 X, and for density ratios relative

to sea level, P IP 0 at each order of magnitude from 10 to 10-6

tit
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ABSORPTION COEFFICIENTS OF AIR

1. INTRODUCTION

The absorption of radiation by air is of great contemporary interest, par-

ticularly at optical wavelengths, and in a number of overlapping fields. As a

contribution to the research in this area, the Appendix to this report contains
tables of the absorption coefficients of air. The tables also show the major ab-

sorbing constituents of air at 0.25 ev (2, 016.5 cm - 1 ) increments over the wave-

length range from 1, 167A to 19, 837A for every 1000 K temperature increment

between 1, 0000 K and 12,000°K, and for the eight orders of magnitude of density

ratio relative to sea level, P/Po , from 10 to 10-

The tables have been prepared mainly from existing theoretical data on the

absorbing constituents, although, where possible, experimental data have been

incorporated. The incorporation has been done in such a way that revision of the

experimental data in the light of further measurements will not render the tables

useless; they would merely require an appropriate linear rescaling, consistent

with new experimental measurements.

The calculations, which are an exiension of earlier studies of Meyerott
(1955, 1956, 1958), differ from some of the work of Kivel and Bailey (1957) by

taking into account vibrati6nal transitions in the absorbing species. Recent work

by Kivel, Mayer, and Bethe (1957), and by Keck, Camm, Kivel, and Wentink (1959),

has taken some account of these vibrational effects in the interpretation of the emis-

sion spectra from shock-heated air, but their work treats a considerably smaller

range of temperatures, densities, and wavelengths than are presented in the tables

in the Appendix to this report. However, comparison between the findings of this

report and the tables and the data of the above workers were in agreement with the

points tested at a number of these points.

The constituents of dry air of importance in discrete absorption are N2 ,

02 N2 , and NO . Those of importance in continuous absorption are N, 0 , 0,.

(Originally published as AFCRC-TR-59-296, dated September
1959, Lockheed Aircraft Corporation, Contract AF 19(604)-3 893)
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and electrons in free-free transitions in the presence of positive ions. It was

thought that NO 2 might make a significant contribution, but the experimental

and theoretical information available for this is very scarce. Some measure-

ments by Dieke, Heath, and Petty (1958) at about 1000 K are included in our

table for comparison. They indicate that the overall contribution from NO 2 is

small at that temperature and that it decreases rapidly with density. One should

note, however, that in practical applications there is often a considerable depth

of cold air between the source and the observer which absorbs all wavelengths
00

below 3000 A. In the remaining near ultraviolet and visible region of the spec-

trum the contribution due to NO2 certainly is extremely important, and a future

study should investigate this very carefully. There is also a possibility that N2 0 3

may make some contribution at low temperatures (Melvin and Wulf (1931, 1935);

Moore, Wulf, and Badger (1953), and this also should be investigated.

2. ABSORPTION COEFFICIENTS AND RELATED QUANTITIES

2.1 DISCRETE ABSORPTION

The absorption coefficient liLUv,?c j,,j, of the J" - J' rotational line of

the v" - v' vibrational band of the L(ower)-U(pper) electronic transition is:

83  (2

KLUv'whJ"Jr 3hC LUv'l'JJ' Lv" 2J"+ 1

where

Lv ,,j,l frequency of the line center

N Lv"J- population of absorbing molecules in the L state, v" level,

and J" level

F = line shape factor, where fFdv =1
M', M" = magnetic quantum numbers

D = multipole matrix element (often dipole matrix element for

strong transitions) = J u M, L dr

2



Here M is the multipole moment of the transition, %P u 41L are the total molecular

wave functions of the upper and lower states respectively, and dT is the element

of configuration space for the whole molecule.
By use of the Born -Oppenheimer (1927) approximation it is possible to sepa-

rate the variables in the molecular wave functions into electronic and nuclear con-

tributions (p. 199, Herzberg (1950). That is

*I = Oel 0vib Orot

m =mel *m 1nucl (2)

dT =d~el dTib dTrot

After a little algebra

LU vyv' J"J' (3)
el vib rot (3)

where

DU L 2 U* L de = R2(r) (4)el elmelel el

R e(r) is called the electronic transition moment of the L--U transition, and is

not in general independent of r , the internuclear separation [Fraser (1954),

Nicholls (1958) and references therein]. Further, by using a "quasi-united atom"

approximation it is often possible to define an effective electronic oscillator strength

fLU for the L-U transition through Eq. (5a).

2 L 2
f 87 LU (5a)

fLU 2 LU De
3 n e

For single electron transitions, the usual sum rule f = 1 = U f

LLU LU'
holds. Some remarks on the ,am rules relating to the fraction of oscillator strengths

3
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associated with individual bands, groups of bands, and groups of bands and continua

are made at the end of this Section. An appropriate "average" frequency for the

whole band system is vLU

Also

DvY ' I OVII dT 2 vI~ (5b)

where

I =VVI qvv"11= O v VII = 0

The q-sum rules, which are a direct result of the orthogonality of the vibra-

tional wave functions, involve a summation over all of the continuum levels as well

as the discrete levels of the molecular potentials for L and U. The contribution

from the continuum is negligible when there is only a small difference in the inter-

nuclear separations r of the two potentials. It can become significant (e. g., ine
the case of the Schumann-Runge system) when the separation is large. In the above,

qv IV 1is the Franck-Condon factor of the v' - v" band. Arrays of Franck-Condon

factors, computed on the basis of a Morse potential model, are available for most

important transitions [Jarmain, Fraser and Nicholls (1953, 1955); Fraser, Jarmain

and Nicholls (1954, 1958); Nicholls, Fraser and Jarmain (1959)]. Refer-

ences to arrays computed on the basis of other oscillator potentials are given by

Nicholls (1958a). It may be noted in passing that the Morse potential now appears

to be more realistic for many molecular transitions than has previously been sup-

posed [Jarmain (1959a, b)].

Finally,

rot

where f = 2J" + 1 (5c)

and I Sjlj, = 2J' + 1
JI!

4
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Sj,,j, is the strength factor or the H~nl - London (1925) intensity factor of the

if - J' line. Tables of these factors, which determine in part the relative in-

tensity distributions of lines within a band, are given by Herzberg (1950) and

Johnson (1950).

Summing Eq. (1).over all lines of a band, and using Eq. (5c)

3 LU 2 2

d 3 VLUv'v NLv" LU D (6)

where band vLUv1v is an "average" frequency for the band. The approximation

in such an averaging procedure, which has been discussed by Nicholls (1952) and

by Fraser (1954, 1959) is not severe when the band is compact. NLV,, is the popu-
lation of the v"1 level.

For a compact band system, vLU of Eq. (5a) may be approximately equal

to VLUv, , of Eq. (6). Thus from Eqs. (5a), (5b) and (6)

ad mc NLv" f (7)

This equation is cxtremely important and indicates the control exerted upon the in-

tegrated absorption coefficient of a band by the population, Franck-Condon, and

oscillator-strength factors. In order to present useful tables of absorption coeffi-

cients over equal frequency intervals Av (equivalent to equal energy intervals),

we define an absorption coefficient averaged over AV as follows:

1/Av JI dv

If the region Av contains several bands whose contributions have to be added,

then:

Bands, Avd

.." . .... " "- -v." , . . ..5
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Thus, the equation which v as used in the construction of the tables in the Appendix

is:

-o. =re 2

nicAv NLv"fLuqvv '  (8)

AV

The values of NLV, wo e %valuated using Gilmores (1955) data.
Rough experimenta] estimates and measurements are availkble ",r the elec-

tronic oscillaor strengths fLU for the band systems of importo ,ce to oui w,

LMeyerott t1.955); Keck, F 4el and Wentink (1957); Frkovitch (195C . W." .er Rnd

Penner (1953, 1957); Web'i (1957), DitchbLhrn and Heddl. (0.953, 1954); ,v'armo

(1953); Mayence (1952)]. ince the experimental determination, wore made by

differen. methods, and beckluse ther6 I'ocs not n t) be comr,' t .-nanimity

eihe_ ! t.he ,finitions aid value s v the c. cillat(, strengths or in the methods

by which the contributions of the different bands ire all'wed ;-,r, ine following re-

marks are made in the ir , rest of -iarity and t( sp. zy our int. az n t-'- o'. os-

cillator strengths of bands and bana-systimt.

Li .aut. "h-l- r. and H"c ' dd 4c find it conven" mnt to divide

the electronic oscillator str..igth of the L-U transition into contributions from

each of tht. bands, and from the diss,)ciation continuum of the complete v' or v"

progression in absorption and emission. They af,,er;:

v- f'Iv'I = f LU f'v" (9)VI= 0 VI?= 0

Absorptic'- Emission

To avoid confusion, it is necessary to state clearly:

(1) The conditions under which this is true

(2) The n.miirv ,J t',c wavelength vang ., (whi-h is an extension of

'he range of integration X I to X. of an atomic absorption line
1X " 2

in the usual .pd v N f thus associated within heusalexpressionJ Z~d' mc NLfLU

the oscillator strength

6
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(3) The way in which the absorption and emission intensity measure-

ments become involved in the determinations of oscillator strengths

The absorption case Is relatively well known and straightforward. In brief

the sum rule holds well, and it is for this reason that the absorption method is al-

ways used where possible. The absorption intensity of the v"- v' band may be

written:

IvVV = K Nv,, V1vv , BV,,V, (10)

Bv,,v, is the induced transition probability (Einstein-B coefficient) and is propor-

tional to R2 (r) qv" and K is a constant. Thus the sum of all the absorption

intensities, including dissociatioi' continuum in a v' progression (v" = const,

usually 0 ) is

00 00

I= I Iv,= const N,, I v,,v, Bv,,v (11)
VI-0 V V '-0V

The oscillator strength fLU of an atomic absorption. line may be defined through

f const N P B (2LU L LU LU (12)

On defining by analogy an effective oscillator strength for the v"v' band, viz,

"v' = const V Bv I const 1 (v,,13)

we can write from Eqs. (11), (12), and (13)

*00 00

I v,,v, = const N,, LU = const N,, f f, (14)
V'=0 V'=0

7
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The absorption sum rule of Eq. (9) is clearly evident in Eq. (14). It should

be mentioned that, although the. contribution from the dissociation continuum of the

U state is often negligible, it does become significant in some cases (e.g., Schumann-

Runge system). The effective band oscillator strength as defined in Eq. (13) is largely

controlled by the relative value of qv,, (which is intrinsically contained in Bvv,)
If R (r) varies with r , this fact will also influence Bv,v and therefore f'tv'

The wavelength range over which the measurement of the oscillator strength may

be considered to be distributed Is the wavelength range of the v' progression

(including the dissociation continuum if signifiant), v" = const.

Some aspects of the emission ca~c are a little less obvious. The intensity

Ivv Itof the emission v' -v" band is given by

41 K v'v" v" (15)

since the spontaneous emission transition probability (Einstein-A coefficient) is

proportional to Pv'v Bv'vI " The mean lifetime Tv, of the v' level radiating

to all of the v" levels including the dissociation continuum of L is given by

00 00

1 /Tv 3const V, 1 1 B = const = Iv vN v' 1 16), cnt v v,, Byv,, vv/ v
V01 =0 V1"= 0 V

In the case of an atomic oscillator strength, the equivalent atomic lifetime of the

upper atomic level is given by

1/T U  const vUL B = const f VU2 (17)
l/U UL UL UL (17

Thus, defining an effective oscillator strength f'v" for the v' -v" band by

const vv, Bv'v" as before

8
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we have

1/ru 1/TrV = const fUL UL = const v 2 v1Iv-

UVI= 

0

o Nv VvII (8
=const 1 18)

V "!= 0 N V' IVIv

Only when the band system is compact enough to permit writing

= "UL vO L = 0 NV, vtv. (19)

and only when the lifetimes of all the upper vibrational levels are equal as implied

by Eq. (18), does the sum rule in emission [Eq. (9)"' follow from Eqs. (18) and (19).

The effective wavelength range associated with a measurement is then that of

the v" progression v' = const . Care must be excrcised not to Include contri-

butions from any bands within this wavelength interval which originate from levels

other than the v' chosen. The same oscillator strength, to the degree of approxi-

mation specified above, should hold for any v" progression.

Finally, in connection with the use of Eq. (8), tabulated data on Franck-Condon

factors were available for the band systems of interest. These have been cited

above and are discussed in detail in Section 3. 1.3.

The above discussion relates to an optically thin layer of gas, and our calcu-

lations were carried out for this case. The effect of a thick layer may be described

briefly as follows:

The intensity of light emitted by an isothermal region along a chord of length

L is

I =B(1 - exp -p L) (20)

p 9

*/%'2""" ,' ,' " x " e ,
-
"," -" "-' ".-"- " '2*"-
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"- -,- -"-' -" "-' . .. ° - .. , . ,., , , .. -,-\,-,..,w * , -

F, ,. - . - . , .,j .... ' . ,-.:,.,* ' . . , . . .. , - . - - -, .- ., - . . . , ____.. .__, ___._..,..- __,_... .-.



where

!A'= ji, (1 - exp - h/kT) (21)

and where B is the Planck blackbody function. For optically thin regions (where
VV« < 1 everywhere) there is no self-absorption in any of the lines and the result

of a first-term expansion of the exponentials is

I = B V1' L (22)

where I' may be replaced by the average absorption coefficien' ,. iq. '1 'Jhould
P

there be self-absorption in the lines, such an averaging procet , ,s not valid, and

line shapes and line spacing must be considered.

2.2 CONTINUOUS ABSORPTION COEFFICIENTS

In general these make a significant contribution only at high temperatures

as is seen in the Appendix tables.

2.2.1 0 Photodetachment Absorption

The photodetachment cross section of 0 has been computed by Bates and

Massey [Bates and Massey (1943, 1947); Bates (1946)] and their results, together with

with the experimental extension of the low-energy region of the cross-section curve

by Branscomb and co-workers EBranscomb and Smith (1955), Branscomb, Burch,

Smith, and Geltman (1958)] have been used here. Branscomb et al measured the

photo cross section from an apparent threshold of 1.45 ev to 3 ev. Bates and

Massey's data have been normalized to fit Branscomb's measurements.

2.2.2 Free-Free Absorption by Electrons in the Field of Positive Ions

The free-free absorption coefficient of electrons in the field of positive ions

of charge Z is

F N N.K (23)FF e is

10
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A formula for K was developed by Sommerfeld and has been evaluated numeri-

cally by several authors. In particular if we write

K: Kk  (24)

then K k , which was derived semiclassically by Kramers [Chandrasekhar (1939)],

is given by

4 2 2 m1/2
Kk.- hc (2-') (25)

\m3/

and g is a factor derived by Gaunt to take account of deviations from Kramer's

theory. It has been tabulated by Berger (1956) and a Maxwell average was used.

In the temperature range of our table. . 0 < g <1.2 . Further, we have as-

sumed that Z = 1; N = N..1 1

2.2.3 Photoelectric Absorption by Excited Levels of 0 and N

The photoelectric absorption by 0 and N from their excited states lies

within the frequency range of our tables. The photoelectric cross section is:

2
a re df (26)PE mc div

In our work the transitions from excited levels of 0, N, N2 which cor-

respond to principal quantum numbers N = 3 , or higher, of a hydrogen-like

model are important. These excited states are more nearly hydrogenic than the

ground states, and we have therefore ustimated df/d on a hydrogen-like model,

U PE , and thus from Eq. (26) df/dv varies roughly as v at any particular

photoelectric absorption edge. For I1 , levels of n z 3 have a total oscillator

strength to the continuum of ;0.2 [Bethe and Salpeter (195 7 )]. These assump-

tions lead to

df . 0.4(v )/(V ) (27)
11
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where v i is the ionization energy of the absorption edge. Thus the photoelectric

absorption coefficient is

2 V2
wre il

PE = 0.4 N - (28)

where Ni is the number of atoms or molecules per cc in the state I . The num-

ber for n s 3 corresponding to energies of 10.3 ev or higher will be negligible at

all but the highest temperatures in our range ; 12, 0000 K. Photoelectric absorption

was thercfore ignored at lower temperatures. At longer wavelengths, where effects

of discrete bands are negligible, the photoelectric effect, while small, may be a

major contributor, and further studies of it should be made. Calculations were

made for 0 and N . The existence of a level at 4. 1 ev in the case of 0 sug-

gests that calculations at lower temperatures than we consider may reveal a con-

tribution from 0.

3. RESULTS AND BASIC DATA

In the tables of the Appendix, computations of pA are presented at 0.25 ev

(2016.5 cm - 1 ) intervals of the absorption coefficients for the following discrete

transitions:

3+ 3
N2 A zu - B3Ig First positive

B3Ig - C3 Second positiveg u
+ 2y+

N X2 -B, First negative2 g u
NO X2I - B Beta

X2II A2T Gamma

G2 X3Yg -B 3X+.  Schumann-Runge

The calculations are based on Eq. (8). Contributions from continuous-

absorption processes discussed in Sections 2.2.1, 2.2.2, and 2.2.3 were obtained

using the integral data of Eqs. (23) to (28).

12
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The basic data on NLv,, , Ni  fLU ' qv'v" 9 vi , IO - needed to perform

the computations were obtained as described in the subsections to follow.

3.1 DISCRETE TRANSITIONS

3.1.1 Population Factors NLv , Ni

The equilibrium composition of dry air (molecular species, ionic and elec-

tronic composition, et3.) was taken over most of our temperature and density

ranges from Gilmore's (1955) tables and report. His tables were extended slightly

to lower temperatures as shown in Table 1.

Table 1. Fraction of N2 Molecules in Excited States

at 3000°K and 40000K

0 0State 3000 K 4000 K

XtZ 1.00 1.00x-1"

A3 2.501 1.02 - 7

B3  r t1.37 - 12 2.08 -9

In this andthe other tables the superscripts indicate the power of 10; e.g., 2.50-1

means 2. 50 x 101.

Having establisbed, with the use of Gilmore's tables, the relative population

factors (NL) of the electronic states for the molecular constituents from which

the absorptions occurred, the relative populations NLvt of the vibrational levels

v" were calculated assuming a Maxwell-Boltzmann energy distribution.

It may be mentioned in passing that Gilmore's tables on the equilibrium of

dry air differ in a number of findings from the recent Russian data of Predvoditelev

et al (1958).

13
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3.1.2 Effective Molecular Electronic Oscillator Strengths fLU

The effective oscillator strengths provisionally adopted are displayed in

Table 2, where they are compared with some recently published data of Keck,

Cami, Kivel and Wentink (1959).

Table 2. Effective Molecular Electronic Oscillator Strengths Selected

Transition f ,U Selected fLU (Keck et al 1959)(6)

N2 B37r C 3 0.07 (1)* 0.09

N2 A 3-Z B r 0.02(1) 0.025

2+2N2 X2Z - B2 0.20 (2) 0.18

NO X 27r B 27r 0.008 (3) 0.006

NO X 2r - 2E 0.0025 (4) 0. 001
0 2 X 2 - B3 1 0. 259 (5)t 0. 028 (bands)

tfcontinuum = 0.215

f bands of v" = 0 progression

= 0. 044

References

1. Keck, Kivel, Wentink (1957)

2. Estimate. We have recently learned of a calculation of the oscillator

strength of the N2 first positive system by Bates and Witherspoon

(1952). Using the LCAO method they obtained an f-number of approxi-

mately 0. 002, which is an order of magnitude smaller than the number

obtained by Keck et al.

3. Weber (1957)
4. Weber and Penner (1957) -- (They actually get 0. 0024 rather than 0. 0025.)

5. Ditchburn and Heddle (1953, 1954)

6. Keck, Camm, Kivel and Wentink (1959)

14
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While the adequacy of the experimental measurements of oscillator strengths

is discussed in Section 4, it may be briefly remarked here that the apparent discrep-

ancy between Ditchburn and Heddle's measurements for the 02 Schumann-Runge

system (in absorption), and those of Keck et al (1959) in emission, arises from the

fact that the former authors correctly measured the contribution from all the con-

tinuum, together with that from all the bands in the v" = 0 progression, whereas

Keck et al content themselves with the slightly cryptic remark, "The value obtained
0

for the wavelength range 3300-4700A was f = 0. 028." Apparently no allowance was

made for the continuum, and only a limited number of bands were treated by the lattei

authors. It should further be noted that Watanabe, Inn, and Zelikoff (1953) obtained

an f-value of 0. 161 for the same continuum studied by Ditchburn and Heddle.

3,1.3 Franck-Condon Factors qv'v"

The Franck-Condon factor arrays which were used in the calculations are

specified in Table 3.

Table 3. Franck-Condon Factors qvtv" used

Band System Source of FCF Array

N A -B 7r For v', v" >10 (1)*;for v' , v --9 (1,2)

N2 B3  -C 3 r (1)

2 B2 z(3,4)
2 2

NO X r -B2r (5)
X27r - A Z(5)

3- v" > 3();I<1
02 X 3 Z B 3 TFor v' < 3 ,v" 3 (6); v_ 15 , v" 2 (7)Remainder, see Table 5 (8)

References

1. Jarmain and Nicholls (1954) 5. Kivel, Mayer and Bethe (1957)

2. Nicholls (1958) 6. Fraser, Jarmain and Nicholls (1954)

3. Jarmain, Fraser and Nicholls (1953) 7. Jarmain, Fraser and Nicholls t1955)

4. Nicholls (1956) 8. Nicholls, Fraser and Jarmain (1959),

and private communication
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Franck-Condon factors for N2 outside the range of those given in Jarmain and

Nicholls (1954) are given [Jarmain and Nicholls (1958)] in Table 4. Similarly,

Franck-Condon factors for the v" = 0 progression of 02 Schumann-Runge

vI = 16-21, together with data for a few "hot" bands at v' = 4, 5, 6, 7, 8, are

given [Nicholls, Fraser and Jarmain (1958)] in Table 5. See also Nicholls,

Fraser and Jarman (1959).

Table 4. Franck-Condon Factors for N First Positive

2

0 1 2 3 4 5 6 7 8 9

0 0.338 0.325 0.190 0.0888 0.0365 0.0142 0.0052 0.0018 0.00068 0.0003

1 0.407 0.0023 0.103 0.178 0.145 0.0864 0.0437 0.0202 0.0086 0.0038

2 0.197 0.160 0.114 0.0012 0.0773 0.127 0.112 0.0751 0.0424 0.0228

3 0.0502 0.298 0.0388 0.163 0.03240.0090 0.0686 0.100 0.0906 0.0652

4 0.0072 0.132 0.274 0.0018 0.115 0.0882 0.0053 0.0180 0.0630 0.0817

5 0.00063 0.0276 0.211 0.181 0.0480 0.0433 0.106 0.0384 0 0.0211

6 0.00003 0.0030 0.0615 0.260 0.0829 0.105 0.0032 0.0818 0.0702 0.0162

7 lxl0-6 0.00017 0.0086 0.107 0.270 0.0190 0.130 0.0067 0.0400 0.0770

8 0 4x10-6 0.00058 0.0188 0.156 0.243 0.00004 0.118 0.0369 0.0050

9 0 0 0 0.0019 0.0387 0.2094 0.1731 0.02510.0689 0.0745

Table 5. Estimated Franck-Condon Factors for 02 Schumann-Runge

v'v" q v',v" q

16,0 1.2-3 6,3 1.0-2

17,0 1.6-3 5,4 7.0-2

18,0 2.0-3  6,4 3.0-2

19,0 2.4-3  7,4 3.0-2

20,0 2.9-3  8,4 6.02

21,0 3.4-3 5,5 2.0-2

4,3 1.0-2 6,5 5.0-2

5,3 2.02 7,5 7.02
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3. 1.4 Wavelengths and Other Standard Molecular Data

Wavelengths were taken from Pearse and Gaydon (1950); outside the range

covered in their compilation the wavelengths were calculatcd from the constants

given in Herzberg (1950).

3.2 CONTINUOUS TRANSITIONS

Values of N. needed for Eqs. (9) and (14) were taken from Gilmore's (1955)
1

tables. Values of v. needed for Eq. (14) were obtained from Moore's (1949)N 1

compilation.

4. DISCUSSION

4.1 TABLES AND GRAPHS

The complete results are presented in the tables in the Appendix. These

tables list the individual, andthe sum of contributions, of the various transitions

(both discrete and continuous) to the absorption coefficients. Figures 1 through 6

show the same results for a few representative values of p/p 0 and T . At the

low end of the temperature range 02 Schumann-Runge clearly dominates with the

two NO band systems just beginning to appear. In the intermediate range the NO
overtakes the 02 and the first negative band system of N+ dominates in the visi-

2 2
ble region. At the high end of the temperature range the continuous absorption
takes over, with free-free transitions dominating in the infrared, and with the

photoelectric effect on N and on 0 dominating the visible and the ultraviolet

respectively.

Additional figures illustrate this in a semi-quantitaLive way. Figures 7 and 8

present for a given transition, the ratio of the maximum of p to the sum of all

such maxima as a function of temperature for normal and 10 normal air density.

This is within the entire spectral region. Since there are no calculations between

8,000°K and 12, 000K the curves are not accurate in that interval, but they never-

theless show the general trend. Considering the importance of the visible region,

due to the ultraviolet cut-off in cold air, we also present in Figures 9 and 10 the
0

contribution to u for wavelength X = 3967A.
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4.2 LIMITATIONS OF THE TABLES

While the most significant -bsorbing constituents have undoubtedly been

accounted for in the tables, it should not be overlooked that there will probably+

be some contribution in the photographic infrared from the N2 Meinel band sys-

tem (X2Z - A27r) which overlaps the N2 first positive system. If the gas tem-+ (a 254615 c-1

perature is high enough to populate the higher B2 level of N+ (at 25,-461.5m1

above X21) it will certainly be high enough to excite the A2 r level at 9168.4 cm 1

[Douglas (1953)]. In laboratory discharges, it is very difficult to separate this

band system from the overlying N2 first positive bands which are of great sig-

nificance in the spectrum of the aurora. Data are available on the population

factors Ni [Gilmore (1955)] and on the Franck-Condon factors [Fraser, Jarmain,

and Nicholls (1954), Nicholls (1956, 1958b)]. However, no experimental informa-

tion is available (even as an estimate) upon the effective electronic oscillator strength.

In a later report we shall give the values of N. fLU qv"vt assuming fLU = 0.1 .

Such a table chn be easily modified by simple scaling when experimental values of

f become available.
LU

4.3 EXPERIMENTAL OSCILLATOR STRENGTHS

The experimental values of most of the oscillator strengths provisionally

adopted in this report are still open to question, as discussed below, but it is ex-

pected that during the next decade there should become available revised values

based on lifetime measurements, which are much less open to misinterpretation

than are absolute intensity measurements in emission or even absorption measurements.

Reference to Table 2 indicates that we have leaned heavily upon the experi-

mental measurements of Keck, Camm, Kivel, and Wentink (1957, 1959) for the

oscillator strengths of the N~ + band systems; their value for 02 is misleading.osiltr teghso h 2  2 22

In their experiments, apparently sequential, photoelectric intensity measure-

ments were made at each of a series of unspecified wavelength increments AN over
0 0

the wavelength range 2000 A to 10, 000 A (one experiment for every increment) of

the luminosity from shock-heated air, N2 " 02 , over a range of temperatures

from 40000K to 9000 0 K and over a range of densities from 0.01 to 10 times standard
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atmospheric density. A fraction of the bands (unspecified in each case) from each

system was measured, and the intensities, after subtraction of estimated contri-

butions from 0 attachment continua, and other assumed overlapping features,

were interpreted theoretically with the aid of Franck-Condon factors, and popula-

tion factors, to give an effective oscillator strength for the band systems discussed.

The value of this exploratory research is beyond question, but the interpretation of

the measurements, which was briefly described, is open to question in a number of

places.

In the case of the 0- Schumann-Runge system, these authors studied bandsz 0 0

in the wavelength interval 3300 A to 4700 A, using very approximately calculated

Franck-Condon factors for the bands alone, and totally ignoring the contribution

of the dissociation continuum [measured by Ditchburn and Heddle (1953, 1954)],

which they could not observe. On this basis their value of 0. 028 probably repre-

sents a partial contribution from the bands alone and compares plausibly with

Ditchburn and Heddle's value of 0. 044 for all the bands of a progression. The value

0. 215 for the continuum, in our opinion still stands, and the total 0.259 for the whole

transition scems realistic. We refer the reader to our remarks on the definition

of f-number in Section 2.1. Keck et al in the discussion in their 1959 paper (p. 35)

refer to an effective f-number of their earlier work as being associated with a
limited wavelength range, and draw some comparisons with the situation for N2

first positive which seem confused.

The claim of Keck et al (1959 p. 30) that the N2 first positive band system

represents the principal source of radiation in the wavelength interval 6,000 A to0

10, 000A is open to serious question. The 2 first positive system is strongly

overlapped by the N2 Meinel system which was undoubtedly excited in their shock

tube together with the N2 first negative system. The first positive system is also

strongly overlapped by the CN red system (A2 - x22, [Dixon and Nicholls (1958)]

which bears a relationship to the CN violet system (B2Z - X2) comparable to

the relation of the N +leinel system to the N2 first negative. ON and are
222

of course isoelectronic and have a similar energy level array. Keck et al (1959)

publish photographs of spectra from their shock tube which show strong impurity
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bands of CN violet. The CN red system should have been excited in their shock

tube, and their microphotometer trace (Fig. 10, p. 14) shows clearly, contrary to

the claim made in its caption, the presence of other radiation than the N2 first

positive system. Thus their oscillator strength for the N2 first positive bands is

open to question.

The whole difficult technique of measuring oscillator strength from emission
spectra of transient sources (which also requires repetitive experiments to cover
the wavelength range), when the luminosity has contributions from competing radi-

ators which strongly overlap in wavelength, should be carefully studied and com-

pared with other techniques which, for the same amount of effort, might offer more

meaningful results.

The recent claims of Erkovich (1959) should be mentioned in the case of the

oscillator strengths adopted by Weber and Penner (1957) for the NOY system.

Erkovich's work was briefly abstracted in Physics Express (Vol. 1, No. 9, Jun 1959).

It involves the claim that Weber and Penner's technique was in error, reanalyzes
some of the measurements of Marmo (1953) and Mayence (1952), and suggests a

value of f = 0. 043. Until Erkovichs full paper becomes available for evaluation,

his comments must be borne in mind as for the moment incomplete.

In conclusion, it might be said that the usefulness of the tables in the Appendix

is not greatly reduced by some ambiguity in the exact experimental values of the os-

cillator strengths provisionally adopted. They are, in most cases, probably correct

to within an order of magnitude, and new measurements will only require simple re-

scaling of the tables.

We hope to refine the tables in the light of new data on f-numbers aad on the

photoelectric effect (Armstrong 1958). Klein and Breuckner (1958) have greatly im-

proved the agreement between theory and experiment for the photodetachment cross

section of 0 There is a possibility of using Franck-Condon factors obtained

from the numerically evaluated potentials (Jarmain 1959a, b). Some start may

even be made on a theoretical estimate of oscillator strength by optimum use of

high-speed digital computers.
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APPENDIX

COMPUTATIONS OF ABSORPTION OF RADIATION BY AIR

The tables in this appenix were computed for dry air in the temperature

range from 1,00 0 K to 12, 000 0 K. Computations were made for equal energy

increments of 0. 25 ev (2,01!6. 5 cm 1  The wavelength was over the range from

L 0

1, 1679 to 19, 837A, and density ratios relative to sea level p/p weecluad

for each order of magnitude from 10 to 10.wr cluae
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Table 1

ABSORPTION COEFFICIENT OF AIR (cm - ) T 1000 K and P/P 0 10

NO P NO) .(8-U) NO 2
I "T o"ta l

I. 9837
1. 4168

I. 1020

01 9016

0 7630

0.6612

0.5834 1.70 -3
o 5220 2 74 -
0.4723 3.98 3

0.4312 4.95 -3

0 3967 5 66

0.3673

0 3420

0 3199

0. 3006

0. 2834 3.:0 3.05

0.2681 3.15 -8 1.25 4.40
0.2543 J.48 -7 4 65 7 1.46 4 1.47 4

0. 2419 8.54 -7 2.17 4 5.80 4 7.98 4

0.2307 5.89 6 1.64 -3 1.28 2.93 3

0.2204 9.38 -6 5.31 5S.19 8.202

0.2110 1.51 4 2.45 3 3.491 3.52 1

0.2024 1.61 4 2.13 3 91 6.14 2

0.1945 1.34  1.03 1 03
0.1871 1. 22 1. 122

0. i603 2.56 1 2.56

0.1740 6.99 6.99

0. 1681

0.1626

0.1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0.1167
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Table 2

ABSORPTION COEFFICIENT OF AIR (cm- )' : T 1000 K and p/p = 1

A NO NOy 0V (S - R) Itrta NO 2

1. 9837

1.4168

1. 1020

0.9016

0.7630

0.6612

0.5834 5.36 -5

0.5220 
8.74-5

0.4723 1.25

0.4312 
1.56-4

0. 3967 
1.79 4

0.3673

0.3420

0.3199
0. 3000

0.2834 3.05 3.050.83 -9 -9

0.2681 3.15 1.25 4.40

0.2543 1.48 -8 4.658 1.46 1.47

0.2419 8.548 2.37 5.80 7.985
-7 -4 -4 4

0.2307 5.89 1.64 1.28 2.93
0.2204 9.38 5.31 8.19 8.202

-7 -6 •3 -

0.2110 1.51 2.45 3.49 3.52

0.2024 1.61 2.13 5.91 6.14 1-4 1 -

0.1945 1.35 1.03 1.031

0. 1871 1.22 1.22

0.1803 2.56 2.56

0.1740 6.99 6.99

0. 1683

0.1626

0.1574

0.1526

0.1480

0. 147

0.1397

0.1359

0. 132L

0.1288

0.1255

0. 1224

0.1195

0.1167
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Table 3

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 1000 K and p/po = 10-1

A() NO NO y 02(S-11) P'Tota NO2

1.9837

1. 4168

1.1020

0 9016

0.7630

0.6612
0.5834 1.70 -6

0.5220 2 76 -6

0.4723 3.98 "

0.4312 4.95 -6

0.3967 5.66-6

0.3673

0. 3420

0 3199

0. 3006

0 2834 3.05 -12 3.05-12

0.2681 3.15 IV 1.25 -I0 4.40 -10

0. 2543 1.48 4.65 1.46 1.476

0.2419 8.54 9 2.17 6 5.80 6 7.98 6
0. 2307 5.89 8 1.64 51.28 5 2.93 5

0. 2204 9.38 8 5.31 -7 8.19 4 8.20 4

0.2110 1.51 6 2.45 5 3.4 9) 3 3.52 3

,- 6 -5 4 40. 2024 1.61 - 2.13 -55.91 -46.14

0.1945 I 1.34 5 1.03 2 1.032
-2 2

0.1871 1.222 1.22

0.1803 2.56 2.561
0.1740 6.991 6.991

0 1681

0.1626

0.1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0. 1224

0.1195 I
0.1167
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Table 4

ABSO PTION COEFFICIENT OF AIR (cm - 1 ) T = 1000 K and p/p o = 10-2

X.983 NO,6 NOy 0 2 (S-R) No

1.9837
1. 416,1
I. 102C

0.9036

0. 7'30

0 6612

0.5834 5.368

0.5220 8.748
8.7

0.4723 
1.25-7

0.4312 
1.56

0.3967 
1.79

0.3673

0. 3420

0.3199

0. 3006 -13 -13
0.2834 3.05 3.05

0.2681 3.15 1.25 4.401
10 -10 -7 7

0. 2543 1.48 4.65 1.46 1.47

0. 2419 8.54 2.17 5.80 7.98
2-6 -6

0.2307 5.89 1.64 1.28 2.93

0. 2204 9.38 5.31 8,19 8.20

0.2110 1.51 2.456 3.494 3.524
-7 -6-5 -5

0.2024 1.61 2.136 5.91 5 6.14

0.1945 1.346 1.03 -3 1.03-
0.1871 1. 22 -31.22 --3 -

0.1803 
2.562 2.562

-2 -
0.1740 6.99 6.992

0.7681

0.1616
0.1574

0.1526

0.1480

0.1437

0. 1397

0.1359

0.1322

0.1288

0. 1255

0.1224

0.1195

0.1167
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Table 5

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T -1000 0K and p/p =10 - 3

X0

x NO NO Y 0 2 (S-R) NO2(/1) 2 /ITotal2

1.9837

1.4168

1.1020

0.9016

0.7630

0.6612

0.5834 1.70 -9

0.5220 2.76 -9

0. 4723 3.98-9

0.4312 4.95-9

0.3967 5.66 -9

0.3673

0.3420

0.3199

0.3006

0. 2834 3.05 -14 3.05 -14

0.2681 3.15 -12 1.25 -12 4.40 -12

0.2543 1.48 11 4.65 11 1.46 -8 1.47 -8

0. 2419 8.54 11 2.17 -8 5.80 -8 7.98 -8

0.2307 5.89 -10 1.64 -7 1.28 -7 2.93 -7

0.2204 9.38 -10 5.31 -9 8.19 -6 8.20 -6

0.2110 1,51 -8 2.45 -7 3.49 -5 3.52 -5

-8 -7 -66
0.2024 1.61 2.13 5.91 6.146

0.1945 1.34 -7 1.03 4 1.03 -4

0.1871 1.22 1.22

0.1803 2.56- 2.56 -3

0.1740 6.99 6.993

0.1681

0.1626

0.1574

0.1526

o.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0. 1195

0.1167

40
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Table 6

ABSORPTION COEFFICIENT OF AIR (cm - ) : T = 1000 K and p/po 10- 4

Ao) NO NO 0 2 (8-R) NO2(U) "Total2

1. 9837

1.4168

1.1020

0.9016

0.7630

0.6612

0.5834 
5.36-11

0.5220 
8.74-11

0.4723 
1.25-10

0.4312 
1.56-10

0. 3967 
1.79 -10

0. 3673

0.3420

0. 3199

0. 3006

0. 2834 3.05 3.U5

0.2681 3.15 -13 1.25 -13 4.40 -13

0.2543 1.48 -12 4.65 -12 1.46 -9 1.47 -9

-12 -9 -9 -
0.2419 8.54 2.17 5.80 7.989

0.2307 5.89 -11 1.64 -8 1.28 -8 2.93 -8

0.2204 9.38 -11 5.31 -10 8.19 -7 8.20 -7

0.2110 1.51 -9 2.45 -8 3.49 -6 3.52 -6

0.2024 1.61 -9 2.13 -8 5.91 -7 6.14 -7
0. 1945 1.34 -8 1. 03 -5 1.03 -5

0.1871 1.22 -51.22 -

0.1803 2.56 2.56

0.1740 6.99-4 6.99-4

0. 1681

0. 1626

0. 1574
0. 1526

0.1480

0.1437

0. 1397

0.1359

0.1322

0.1288

0. 1255

0. 1224

0.1195

0. 1167

41



Table, 7

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) : T = 1000 K and p/po 1 0 - 5

(M) NO NO V 0 2 (8-R) JTotal NO 2

1.9837

1.4168

1.1020

0. 016

0.7630

0.6612

0.5834 7.39 -13

0.5220 1.20 -12

0. 4723 1.73 -12

0.4312 2.15 -12

U. 3967 2.46 -12

0. 3673

0.3420

0. 3199

0.3006

0.2834 3.05 -16 3.05 -16

0.2681 3.15 -14 1.25 -14 4.40 -14

0.2543 1.48-13 4.65 -13 1.46 -10 1.47 -10

0.2419 8.54 -13 2.17 -10 5.80 -10 7.98 -10

0. 2307 5.89 -12 1.64 -9 1.28 -9 2.93 -9

0.2204 9.38 -12 5.31 -11 8.19 -8 8.20 -8

0.2110 1.51 -10 2.45 -9 3.49 -7 3.52 -7
0. 2024 1 61 -0213 -9 5.91 -8 6.14 -8

0.1945 1.34-9 1.03 -6 1.03 -6

0. 1871 1.22 -61.22 -

-5 -5
0.1803 2.56 2.56
0.1740 6.99 -5 6.99 -5

1.51681

0.1626

0.1574

0.1526

0.1480

0.1437
0. 1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0.1167

42
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Table 8

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T = 1000 K and p/p = 10 - 6

NO ANO 0 (S -it) NOI. ___________ O~ 0~S-R PTotl 2

I. 4168

1. 1020

0.9016

0.7630

0.6612
0. 5834 2.33 -14

0.5220 3.80 -14

0.4723 5.45-14

0. 4312 
6.80-14

0.3967 
7.77 -14

0.3673
0. 3420

0.3199

0.3006

0.2834 3.05 3.07

0.2681 3.15 1.25 -15 4.40
-14 - 14-i-i

0. 2543 1.48 4.65 -1.46 1.47
-14 -ii1 -11-1

0.2419 8.54 2.17 5.80 7.98

0. 2307 5.89 -13 1.64 -10 1.28 -10 2.93 -10

0. 2204 9.38 -13 5.31 -12 8.19 -9 8.20 -9

0.2110 1.51 -11 2.45 -10 3.49 -8 3.52 -8

11- 10 -7 -0.2024 1.61 2.13 -10 5.91 -7 6.14 -7
0.1945 1.34 1.03 1.03--7 -7
0.1871 1. 22 1. 22

-6 -

0.1803 
2.56 2.56 -6

0.1740 
.996 6.996

0.1681

0.1626

0. 1574

0.1526

0.1480

0. 1437

0.1397

0.1359

0.1322
0.1288

0.1255

0. 1224

0.1195

0.1167
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Table 9

AIBSORPTION COEFFICIENT OF AU1 (cm - T = 2000 K and p/p = 10

(U) NOU NO y 0 2 (S - R) $TotAi

1. 9837

1. 1168

1.1020

0.9016

0.7630

0.6612

0.5834

0.5220

0.4723

0.4312

0.3967

0.3673 2.53 7.795 8.04-
0.3420 1.13 - 3.68 8 6.97 - 7.08-4

0.3199 3.86 -5 9.17 -7 2.39 -3 2.43 -3

0.3006 1.54 -4 9.36 -6 8.55 -3 8.71 -3
0. 2834 4. u8 -4 7.52 -5 2.70 2  2.75 -2

0. 2681 2.08- 6.46- 6.15 6.422

0.2543 5.66- 5.773 2.27- 2.38

0.2419 9.70- .. 781 2.641 4.52-1

0.2307 2.21 -2 3.00 -1 2.08 -1 5.30 -1

0. 2204 2.672 4.69 2 6.40 6.47

0.2110 1.43 - 1  4.64 " 1 1.111 1.17 1

0.2024 1.12 4.07 3.96 -1 9.15

-11

0. 1945 2.45 2.22 2.47
0. 1871 8.93 -18.93 -

0.1803 1.88 1.88
0.1740 5.13 15.13

0. 1681

1626
0.1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0 1195

0.1167

44
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Table 10

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T 2000 =K and p/p =

(j,) I NO NO y 02 ( - R) LL.1.gtt1

/ 1. 9837

!. 1020

0. 90 1 (1
0. 7030

0.6612

0.5834

0,5220

0.4723

0. 4312
0. Wfl7

O. 3W7M 2.53 -7 7.80 -6 8.05 -6-9
13420 1.136 3,68 6.98 - 7.09 -

O3.) 9.866  t.17 -8 2.39 - 2.43 -
(, ;006 i.. -7 8.56 -4 8.72 -4

0.2834 4.68 7,5 "  2.70 - 2.75 -

U. 2681 2.08 -. 4(; 6.16 - 6.43 -
0.2543 5.66 -,7" 2.27 2 2.382

C. 2419 9.70 t. 78 2.642 4.52 -

0.2307 2.21 -3 3. po -2  2.08 -2 5.30 -2

0.2204 2.67 -3 4.09 -3 6.41 6.48
O02110 1.43 -4.64 -1.11.17

1,02 . 12 "4. 07 -2 3.96 -2 9.15 -2

0.1945 2.45 2.22 - 2.47 -

0.1872 -2

0. i80: 1.88 1.88
0. 1740 5. 14 5.14

0.1251

0.1322
C. 12988

0. 1255 [

O . 1224 |

j 0. 1195

0. 1167

45
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Table 11

ABSORPTION COEFFICIENT OF AIR (cm-1): T = 2'300 K and p/p 11

(p) NOj3 NOV 0 2 (S-R) Total

1.9837

1.4168

1.1020

0.9016

0.7630

0.6612

0.5834
0. 5220

0.4723

0. 4312

0.3967

0.3673 2.538 7.79-7 8.04-

0.3420 1.13- 3.68 -10 6.97 -6 7.08-

0.3199 3.86- 9.17- 2.39- 2.43-

0.3006 1.54 -6 9.36 -8 8.55 -5 8.71 -5

0.2834 4.68-6 7.52 -7 2.70 -4 2.75 -4

0. 2681 2.08 -5 6.46 -6 6.15 -4 6.42 -4

5-5 -3 -30.2543 5.66- 5.77 2.27 2.38
0 Z24i 9.70 -5 1.78 -3 2.64 -3 4.52 -3

0.2307 2.21 - 3.00 - 2.08- 5.30 -

0.2204 2.67 -4 4.69 -4 6.40 -2 6.47 -2

0.2110 1.43 -3 4.64 -3 1.11 -1 1.17 -1

0.2024 1.12 -3 4.07 -3 3.96 -3  9.15 -3
0.1945 2.45 -3 2.22 -2 2.47 -2

0.1871 8.93 -3 8.93 -3

0 1803 1.88 -1 1.88 1
0.1740 5.13 1 5.13-

0 1681

0 1626

0 1574

0.1526

0 1480

0.1437

0. 1397

0.1359

0. 1322

0.1288

0.1255

0.1224

0.1195

0.1167

46
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Table 12

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T 2000 K and p/p = o2

(ii) NO ( NO i t2 - Dt)(U) 2 'rm

1.9837

1.4168

1.1020

0.9016

0. 7b30

0.6612

0.5834

0. 5220

0.4723

0.4312

0. 3967

0. 3673 2.53 7.798 8.048

0.3420 1.13-8 3.6811 6.97- 7.08 -7

0.3199 3.868 9.1710 2.396 2.436

0. 3006 1.54- 9.36 8.55 -6 8.716

0.2834 4.68 -7 7.52 -8 2.70 -5 2.75 -5

0.2681 2.08 -6 6.46-7 6.15 -5 6.42 -5
0282.8-6 576 2.272.3 -4

0.2543 5.66 5.77 2.2.38

0.2419 9.70 6 1.78- 2.64- 4.52-

0.2307 2.21 - 3.00- 2.08- 5.30-

0. 2204 2.67 -5 4.69 -5 6.40 -3 6.47 -3

0. 2110 1.43 -4 4.64 -4 1.11 -
2  1.17 -2

0.2024 1.12- 4.07- 3.96 - 9.15-

0.1945 2.45- 2.22 - 2.47-

0.1871 8.93 - 8.93 -

0.1803 
1.882 1.882

-2 5.3-2

0.1740 5.13 5.13

0.1681

0.1626

0.1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0 1195

0.1167

47
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Table 13

ABSORPTION COEFFICIENT OF AIR (cm-1  T = 2000 K and p/p °  10- 3

X0

NOa NO 7  0 2 (S- R)(I2) ITotal

1. 98:17

1. 1168

1. i0,

0.901

0.6612

0.5834

0.5220

r, 4723

0.4312

0.3967

0. 3673 2.52 -10 7.739 7.989
-9 -1I8-

0.3420 1.13 9 3.67 12 6.928 7.038

0.3199 3.85 - 9.14 2.37 2.41

0.3006 1.54 -8 9.33 8.48 8.64

0.2834 4.06 8 7.50 2.686 2.73 6

0.2681 2.07 6.448 6.10 6.376

0.2543 5.64 5.76 2.25 2.365

0. 2419 9.68 1.78 2.62 4.50

0.2307 2.216 3.005 2.06 ' 5.28

0.2204 2.666 4.686 6.35 6.424

0. 2110 1.43 4.63 i. 10 3  1.163

0. 2024 1. 115 4.0( -O 3.925 9.09

0.1945 2.44 2.20 2.444

0.1871 8.86 8.86
-3-

0.1803 1.86 1.8G

0,1740 5.09 5.09

0 1681

0. 1626

0. 1574

0. 1526

0.1480

0. 1437

0.1397

0. 1359

0.1322

0. 1288

o 1255

0.1224

0.1195

0. 1167
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JiK. 2r .~u-r

Table 14

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T = 2000 K and P/po 10 4

A NO/9 NOV 0 2 (S-R) "Tota(U) 2Tta

1.9837

1.4168

1.1020

0.9010

0.7630

0.6612
0.5834

0. 5220

0.4723

0. 4312

0.3967

0. 3673 2.5011 7.6010 7.8510

0.3420 1.12 -10 3.63 -13 8.80-9 6.91 -9

0. 3199 3.81 -10 9.05 -12 2.33 -8 237 -8

0.3006 i.52 -9 9.24 -11 8.34-8 8.60 -8

0.2834 4.62-9 7.43 -10 2.63-7 2.68 -7

0.2681 2.05 -8 6.38 -9 6.00-7 6.27 -7

0.2543 5.588 5.708 2.216 2.326

0. 2419 9.58 -8 1.76 -6 2.57 -6 4.43 -6

0. 2307 2.19 2.97 -6 2.03 -6 5.22 -6
-7 -7 -5 -5

0.2204 2.63 4.637 6.24 6.31

0. 2110 1.42 -6 4.58 -6 1.08-4 1.14 -4

0.2024 1.10-6 4.026 3.86 8.98 -6
.1945 2.42-6 2.16 -5 2.40 -5

0. 1871 8.71 8.71
-4 -4

0.1803 1.83 1.83

0.1740 5.01 5.01

0.1681

0.1626

0.1574

11.1526

0.1480

0.1437

0.1397

0. 1359

0.1322

0.1288

0. 1255
0. 1224

0.1195

0.1167

49



Table 15

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 2000 K and P/p = 10 -

l0

X NO NOy 0 2 (S-R)
(U) 2Tta

1. 9837

1.4168

1.1020

0.9016

0. 7630

0.6612

0.5834

0.5220

0.4723

0.4312

0. 3967

0.3673 2.43 -12 7.18 -11 7.42 -11

0.3420 1.09 -11 3.53 -14 6.42 -10 6.53 -10

0.3199 3.71 -11 8.80 -13 2.20 -9 2.24 -9

0.3006 1.48 -10 8.98 -12 7.88 -9 8.04 -9

0.2834 4.49 -I0 7.22 -11 2.48 -8 2.52 -80.2681 1.99 -1010 5.67 -8 5.93 -8

0. 2543 5.43 -9 5.54 -9 2.09 -7 2.20 -7

0. 2419 9.31 -9 1.71 -7 2.43 -7 4.23 -7

0.2307 2.12 -8 2.88 -7 1.91 -7 5.00 -7

0. 2204 2.56 -8 4.50 -8 5.90-6 5.97 -6

0.2110 1.38 -7 4.45 -7 1.02 -5 1.08 -5

0.2024 1.07 -7 3.91 -7 3.64-7 8.62 -7

0.1945 2.35 2.046 2.286
-7 -70. 1871 8.22 ~ 8.22

0. 1803 1.73 -5 1.73 -5

0.1740 4.735 4.735

0.1681

0. 1625

0. 1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0. 1167
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Table 16

ABSORPTION COEFFICIENT OF AIR (cm - ) T 2000 K and p/p = 1 0 -6

X NO NOy 0 2 (S-R) /Tota!

1. 9837

1.4168

1. 1020

0.9016

0.7630

0.6612

0.5834

0. 5220

0. 4723

0.4312

0. 3967

o.3673 2.2013 5.9812 6.2012

0.3420 9.94 3.23 5.35 5.45 -11
-12 -14 -10 -10

0.3199 3.39 8.04 1.83 1.86

0.3006 1.35 8.21 -13 6.56 -10 6.70 10

0.2834 4.10 6.60 -12 2.079 2.129

0.2681 1.82 -10 5.6611 4.729 4.969

0. 2543 4.96 -10 5.06 -10 1.748 1.84
-10 -8 I-8 -

0. 2419 8.51 1.56 2.02 3.67 -8

-9 -8 - -8
'. 239l7 1 94 2.64 1.59 4.42

0.2204 2.34 -9 4.11 -9 4.91 -7 4.97 -7

0.2110 1.26 4.078 8.51 9.047

0.2024 9.80 -3.57 8 3.04 8 1.64 -7

0.1945 2.15 -8 1.70 -7 1.92 -7

0.1871 
6.858 6.858

0.1803 
1.446 1.446

0.1740 
3.946 3.946

0. 1681

0. 1626

0.1574

0.1526

0. 1480

0.1437

* 0.1397

0.1359

0.1322

0. 1288

0.1255

0.1224
0. 1195

0.1167

51



Table 17

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T 3000 K and p/po = 10

N N N N NO 02(S -R)(U) N2 (1+) N2 (2+ ) N2 (1 -) NO N Total

1.9837

1.4168

1.1020 7.98 -8 7.98-8

0.9016 1.157 1.15 -7
0.7630 9.96 -8 9.96 -8
0.6612 5.36 -8 5.36 -8
0.5834 1.72 -8 2.86 -17 1.72 -8

-9-16 -0.5220 1.65 7.85 -56-12 1.15 -5
0.4723 2.90 12 9.49-15 1.07 1.07
0.4312 2.12 -11 7.51 -14 1.62 -4 2.23 -3 2.39 -3

-1 4-2 -20.3967 2.22 -10 4.17 -13 2.50 -4 1.04 1.07
0.3673 1.08 -9 2.66 -13 1.26 -3 1.17 -2 1.30 -2

0.3420 2.39 -9 5.68 -14 2.47 -3 5.72 -6 6.04 -2 6.29 -2

0.3199 3.0 5.68- 1.18 1.10 1.16
-9-2 -4 -0.3006 1.57- 1.50 7.57 2.751 2.91

0.2834 2.70 -10 2.84 -2 4.29 -3 5.63 -1 5.96 1

-2 -2 -110.2681 7.42 2.21 8.84 9.8010.2543 1.61 1.19 - 2.03 2.31

0.2419 1.861 1.45 1.57 3.21
0.2307 3.03 1.40 8.731 2.58

0.22 1
0.2110 1.23 2.20 2.89 3.23 1

-1 -1"
0.2024 8.00 1.94 5.77 3.32
0.1945 1.12 2.23 3.350.1871 

6.231 6.23-

0.1803 
1.31 1 1.31 1

0.1740 3.57 3.57
9.1681

0.1626

0.1574

0.1526
0. 1480

0.1437

0.1397

0.1359
0. 1322

0.1288

0.1255
0. 122,4

O. 1!95

0 1167

52



rfable 18

ABSORPTION COEFFICIENT OF AIR (cr -I) T = 3000 K and p/po 1

A N 2 ( I 
+  

N ( + N, +N ,0 S i t

( ) 2 N2(2 ) -) J(l NOO y 02(S I) j Total

1.9837

1. 4168

1.1020 7.98 -97,.98 -

0.9016 1.15 -8 1.15 -8

0.7630 9.97 -9 9.97 -9

0.6612 5.37 -9 5.37 -9
-9 -18 -

0.5834 1.72 4.45 1.72
-10 -16 - 10

0.5220 1.654 1.22 1.65
0.4723 2.90 1.48 1.06 1. 06

-11.4 -64 -4

0.4312 2.12 -12 1.1r 1 4  1.605 2.184 2.344

0. 3967 2.22 -. 50 -14 2.46- 1.02 3.043

0.3673 1.08 -10 4.14 14 1.24 -4 1.14 -3 1. 26 -3

0.3420 2.39 -10 8.85 2.44 5.64 7 5.90 6.14
I .1-10 -4 -5 -2 -2

0.3199 3.01 5.60 1.17 5 1.07 -2 13

0.3006 1.58 1048 7.47 2.69 2.852
2 -701 -3 -4 -2 -

0.2834 2.70 2.80 4.23 5.50 5.822

-3 -3 -2 -2
0,2681 7.32 2.18 8.63 9.58

-2 -2 -1 -1
0.2543 1.59 1.17 1.98 2.26

-2 - 1 - 1 -1
0.2419 1.84 1.43 1.53 3.14

-2 -1i -2 -1
0.2307 2.99 1.39 8.53 2.54

0. 2204 3.11 3.93 2 2.18 2.25
0.2110 1.22 -1 2.18 -1 2.82 3.16

-2 -1 -2 -

0.2024 7.89 1.91 5.63 3.261

-I-1 -1
0.1945 1. 11 2.18 3.29

-2 -2
0.1871 6.08 6.08

0. 1803 1.28 1.28

0.1740 3.49 3.49

0.1681

0.1626
0.1574

0. 1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0.1167

53



Table 19

ABSORPTION COEFFICIENT OF AIR (cm - 1 ): T = 3000 0 K and p/po = 10-1

S ( 1' )  N,(2 + )  N2I NOt1 NOv 02 (S-R )
') 2 2 PTotal

1, 9837

t. 4168

1.1020 7.99 -10 7.99 -10

0.9015 1.15 -9 1.16 9
0.7630 9.98 -10 9.98 -10

0.6612 5.37 -10 5.37 -10

0.5834 1.72 -10 117 - 1.72 -10

0.5220 1.66 11 3.22 -17 1.66 -11
0.4723 2.90 -4 3.80 - id 1.02 -7 1.02 -7

0.4312 2.12 -13 3.08 16 1.54 -6 2.01 -5 2.16 -5
0. 3967 2.22 -12 1.71 -14 2.37 9.42 -5 9.66 -50.3073 1.08 _11 1.09 -14 1.19 -5 1.05 -4 1.17 -4

0.3420 2.39 2.33 -15 2.34 -5 5.42 -8 5454 5.68 -

0. 3199 3.01 5.38 -5 1.12 -6 9.89 -4 1.04 -3

0. 3006 1.5811 1.42 -4 7.17 -6 2.49 -3 2.64 -3

0.2834 2.71 -12 2.69 -4 4.06 -5 5.08 -3 5.39 -3

0. 2681 7.03 -4 2.09 -4 7.97 -3 8.88 -3

0.2543 1.52 -3 1.13 -3 1.83 -2 2.10 -2

0.2419 1.76 -3 1.37 -2 1.41 -2 2.96 -2

0.2307 2.87 1.33 - 7.88 2.41 -
0.2204 2.98 -3 3.77 -3 2.01 1 2.08 -1

0.2110 1.17 -2 2.09 -2 2.61 1 2.94 -1
0.2024 7.58 -3 1.83 -2 5.20 -3 3.11 -2

0.1945 1.07 -2 2.01 -2 3.08 -2

0.1871 5.62 -3 5.62 -3

0.1803 1.18 1 1.18 1

0.1740 3.22 1 3.22 -1

0.1681

0.1626

0.1574

0.1526

0. 1480

0.1437

0.1397

0.1359

0. 1322

0.1288

0.1255

0.1224

0.1195

0 1167 ]
54



Table 20

-1 02ABSORPTION COEFFICIENT OF AIR (cm - ) T = 3000'K and p/'p0 10 2

N2(1 + ) N2 (2') N +(1- NO j NO 0 2 (S - R) PTotal

1.9837

1.4168 801 8.01 L
1.1020 .1

-10-1
0.9016 1.16 1.16 -10

-I0 -10
0.7630 1.00 10 1.00

0.6612 5.3811 5.38
-11 -19-1

0. 5834 1.73 3.83 -9 1.7,3
-12 1.05 -17

0. 5220 1.66 1.51.661
-15 -16 -9 -9

0.4723 2.91 1.27 8.99 8.99

-14 -15 -7 -6 -6
0.4312 2.13 1.01 i. 36 1.57 1.71

-13 -1 7-6 -
0.3967 2.23 5.5915 2.09 7.35 7.566

-12 -5- 6-

0. 3673 1.09 3.56 -15 1.05
6  8.226 9.276

0.3420 2.40 -12 7.6116 2.07 .6 4.79-9 4.25- 4.46 -

0.3199 3.0212 4.766 9.92 -8 7.71- 8.20-

0.3006 1.581 1.26 6.35 1.94 2.074

0.2834 2.72 -13 2.38 -5 3.60-6 3.97 -4 4.24 -4
-5 -5 -3 -

0.2681 6.22 1.85 6.22 7.034

3.2543 1.35 9.96 1.43 1.663

0.2419 1.56 1.21 1.10 2.47

0. 2307 2.54- 1.18 -3 6.15- 2.05-

0.2204 2.64 3.34 1.57 1.63

0. 2110 1.04 -3 1.85 2.03 2.32
-4 -3 -4 -3

0.2024 6.70 1.62 4.06 2.70

0.1945 
9.434 1.57 2.513

0. 1871 
4.38 4.384

-3-
0.1803 9.23 9.23

-2 -2
0.1740 

2.52 2.52

0. 1681

0. 1626

0.1574

0.1526

0. 1480

0. 1437

0.1397

0.1359

0. 1322

0.1288

0.1255

0.1224
O. 1195

0. 1167
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Table 21

-1 03ABSORPTION COEFFICIENT OF AIR (cm - ) T = 3000 K and p/p = 0 -

( N2 (1 ) N2 (2 N2 (1) NO NO 0 2 (S-R) P'Total

l . !)837

1. 41*S

1.1020 8.08 12 8.08-12

0.9016 1.16 -11 1.16-11

0. 76:30 1.01-11 1.01 -11
0.6612 5.43 -12 5.43-12

0.5834 1.74 -12 1.45 19 1.74 12

0.5220 1.67 -13 3.99 18 1.67 -13

0.4723 2.94 -  4.83 - 1 7  6.27 -10 6.27 -10

o.4312 2.15 - 15 3.82-16 9.49 - 9 7.59-8 8.54 8

0.3967 2.24 -14 2.12 -15 1.46 8 3.55 - 7  3.70 7

0.3673 1.10 13 1.35 -15 7.35 8 3.97 -7 4.71 -7

0.3420 2.42 -13 2.89 -16 1.45-7 3.34 10 2.05 6 2.20-6

0.3199 3.05 -13 3.32 -7 6.92 -9 3.72 -6 4.06 -6

O.3006 1.59 -13 8.79 -7 4.43 -8 9.36 -6 1.03 -5

0.2834 2.74 -14 1.66 -6 2.51 -7 1.91 -5 2.10 5

0. 2681 4.34 6 1.29 -6 3.00 -5 3.56 -5
0.2543 9.406 6.966 6.89- 8.53-

0.2419 1.09 8.47 5.325 1.494

0.2307 1.77 5 8.22 5 2.97 5 1.30-4

0. 2204 1.84 -5 2.33 -5 7.59 48.014

0. 2110 7.22 5 1.29 4 9.81 4 1.18 3

0.2024 4.68- 1.13 1.96 5 1.794

0.1945 6.58 7.59 1.42

0.1871 
2.12 2.12

0.1803 
4.454 4.454

0.1740 
1.21 1.21

0. 1681
0. 1626

0.1574

0. 1526

0.1480

0. 1437

0.1397

0.1359

0 1322

0.1288 I
0. 1255

0.1224
O0 1195

0. !167

56
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Table 22

ABSORPTION COEFFICIENT OF AIR (cm - 1 ),: T = 3000 0 K and p/op 10 - 4

[ N 2(I) N 2(2+ ) N+ (I) NO ( NO 0 2(S- R) 'Total

1. 9837

1.4168
-13 -13

1.1020 8.15 -13 
8.15

-12 -12
0.9016 1.1812 

1.18

0.7630 1.02 -12 
1.02 -12

0.6612 5.48 -13 5.48 -13

0.5834 1.75 -13 6.89 -20 1. 75 -13

0.5220 1.69 -14 1.89 -18 1.69 -14

0.4723 2.96 2.29 2.84 2.84

0.4312 2.17 -16 1.81 -16 4.30-10 1.54 1.979

0.3967 2.26 -15 1.00 15 6.62 -10 7.22 -9 7.88 -9

0. 3673 1.10 -14 6.41 -16 3.33 -9 8.07 -9 1.14 -8

0. 3420 2.44 -14 1.37 -16 6.56 -9 1.51 -11 4.18 8 4.84 -8

0. 3199 3.07 -14 1.50 -8 3.14 -10 7.58-8 9.11 -8
-4-8 -9 -7 -7

0.3006 1.61 3.98 2.01 1.90 2.32

0. 2834 2.76 -15 7.53 -8 1.14-8 3.89 -7 4.76 -7
-7 -8 -7 -

0.2681 1.97 5.85 6.11 8.677
-7 -7 -6 -

0.2543 4.26 3.15 1.40 2.146
-7 -6-66

0.2419 4.93 3.84 1.086 5.416
- 6-7 -6

0.2307 8.03 3.72 6.04 5.136

0.2204 8.35 -7 1.06 -6 1.54 -5 1.73 -5

0.2110 3.27 5.84- 2.00 2.91--6 -6 -7 -

0.2024 2.12 5.13 3.99 7.656
-6 -6 -60.1945 2.98 1.54 4.52

-7 7
O,.1871 4.30 4.30

-6 -6

0.1803 9.06 9.06

0.1740 
2.475 2.47

0.1681

0. 1626

0.1574

0. 1526

0.1480

0.1437
0. 1397

0.1359

0.1322

0. 1288

0.1255

0. 1224

0.1195

0,1167

57



Table 23

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T 3000 K and p/po = 1 0 - 5

A ++ +-N(I) N(2) N2 (I ) NO f NOy 0 2 (S-R) p() 2 2Total

1 J837

1. 4168

1 1020 8.1914 8.19 -14

0 9016 1.18 -13 1.18 -13

0.7630 1.02 -13 1.02 -13

0.6612 5.51 -14 5.51 -14

0.5834 1.76 -14 3.74 -20 1.76 -14

0.5220 1.70 -15 1.03 -18 1.70 -15

0.4723 2.98 -18 1.24 -17 9.74 -13 9.74 -13

0.4312 2.18 -17 9.82 -17 1.47 -11 1.80 -11 3.27-11
0.3967 2.2816 5.46 2.27 8.42 -11 1.07 -

0.3673 1.11 -15 3.48 -16 1.14 -10 9.41 -11 2.08 -10

0.3420 2.45 -15 7.43 -17 2.25 -10 5.19 13 4.87 -10 7.13 -10

0. 3199 3.09 -15 5.16 -10 1.08 -11 8.83 -10 1.41 -9

-115 -9 -90.3006 1.62 1.36- 6.88 - 2.22- 3.65 -
0.2834 2.78 -16 2.58 -9 3.90 -10 4.54 -9 7.51 -9
0.2681 6.74 -9 2.00 -9 7.12 -9 1.59 -8

0. 2543 1.46 -8 1.08 -8 1.63 -8 4.17 -8

0. 2419 1.69 -8 1.32 -7 1.26 -8 1.62 -7

0. 2307 2.75 -8 1.28 -7 7.04 -9 1.63 -

0.2204 2.86 -8 3.62 -8 1.80 -7 2.45 -7

0. 2110 1.12 -7 2.30 -7 2.33 -7 5.45 -7

0.2024 7.26 -8 1.76 -7 4.64 -9 2.53 -7

0.1945 1.02 -7 1.80 -8 1.20 -7

-9 -9
0.1871 5.02 5.02

-7 -7
0.1803 1.06 -1.06

-7 -7
0.1740 2.88 2.88

0.1681

0. 1626

0. 1574

0. 1526

0.1480

0.1437

0. 1397

0.1359

0. 1322

0.1288

0.1255

0. 1224

0. 1195

0. 1167
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Table 24

-1 0
ABSORPTION COEFFICIENT OF AIR (cm - ) T 3000 K and p/p 10, 6

(p) N2 (1 ) N2 (2+ ) N (1) NOP NOV 02 (S -R) "Total

1.9837
1. 41 681.18-15 - 15
1.1020 8.19 8.19

-14-1
0.9016 1.18 1.18-14

0.-14-1
0.7630 1.02 -20 1.02 -14

0.6612 5.51 -15 5.51 -15
-15 -20 15

0.5834 1.76 2.08 1.76
-16 -19 -16O.5220 1. 70 1.71 -167

0.5220 -19 -18 -14 -14
0.4723 2.98 6.92 3.12 3.12

-18-1-1-3-3
0.4312 2.18 5.4 17 4.7213 1.8513 6.5713

-17 -16 -13 -13-1
0. 3967 2.28 3.04 7.26 8.64 1.5912

0.3673 1.11 -16 1.94-16 3.65 -12 9.66 -13 4.62 -12

0.3420 2.45 -16 4.14-17 7.19-12 1.66 -14 5.00-12 1.22 -11
-16 -11 -13 5 12 1 11

0.3199 3.09 1.65 3.44 9.07 2.59

-16 -11 -12- i- i
0.3006 1.62 4.37 2.20 2.28 6.87

0. 2834 2.78 8.27 1.25 4.6 1.42 11

0. 2681 2.16 6.42 7.31 3.53
-0-10 -10 -10

0.2543 4.67 3.46 1.68 9.81
-0-9 -10 -9

0. 2419 5.41 4.21 1.30 4.88
-0-9 -11 -

0.2307 8.8110 4.09 7.23 5.049

0.2204 9.1610 1.16 1.85 3.939

0.2110 3.599 6.41 2.39 1.z4 -8
-9 -9 -11 -9

0.2024 2.33 5.63 4.77 8.01
-9 -10 9

0.1945 3.27 1.85 3.46
-11 -11

0.1871 5.15 5.15
-9 -

0.1803 1.08 1.08
-9 -

0.1740 2.96 2.96

0.1681

0.1626

0. 1574

0. 1526

0.1480
0.1437

0.1397

0.1359

0.1322
0. 1288

0.1255

0.1224
0. 1195

0. 1167

59

I,, , "-. ,-.-,- -.' ..- -- -." ' ' ' ' ' ' '..-.. #., ' ' '..- e"". . / .',"e , e"-"-"" ""• ' "-j



Table 25

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T 4000K and p/p = 1

N N +  N2 (I- NO J NO y 0 2 (S-R)() 2 (25 2 N Tctal

1.9837

1. 4168

1.1020 2.84- 5  2.45- 5

0.9016 4.19- 5  4.19 5

0.7630 3.755 3.755

0.6612 2.26 5  2.26 5

0.5834 8.26- 6  1.27 -12 8.26- 6

0.5220 1.14 - 6 3.12 1 1  1.05 4  1.06 - 4

0.4723 1.18 - 8 3.10-10 5.92- 4  5.92 - 4

0. 4312 5.24 8 1.789 4.36- 3  3.12 2 3.56- 2

0.3967 4.36- 7  7.00 - 9  5.10- 3  1.11 1 1.16 1

0.3673 1.64.6 4.98 9  1.89 - 2 9.96. 2  1.19- 1

0.3420 2.70 - 6  1.15 - 9  3.25- 2  5.97- 5  4.16 - 1  4.49 "1

0.3199 3.71-6 5.61-2 1.13- 3  5.51- 1  6.08- 1
0.3006 2.05 - 6 1.20-  5.70- 3  .16 1.29

0.2834 3.38 - 7 1.78 - 1 2.75 - 2 1.90 2.11
*-1 -10.2681 3.62 1.07 2.48 2.95

0.2543 6.99 - 1  4.47 1  4.46 5.61

0.2419 6.64 -1  3.40 2.78 6.84

0.2307 9.17 -1  2.49 1.31 4.72

0.2204 8.79 - 1  9.59 1  3.07 1 3.25 1
1 1

0.2110 2.968 3.90 3.44 4.13

0.2024 1.7 2 3.42 5.06 5.65

0.1945 1.93 1.63 3.56

0. 18'71 3.79 3.79

0.1803 7.97 7.97
2.19 2.19

0.1681

0. 1626

0.1 574

0. 1526
0. 1480

O 1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0 1167
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Table 26

ABSORPTION COEFFICIENT OP' AIR (cm-1) T 4000 K and P/P 0

N( N (I NO /I NOV 02 (S-i)

1. .1168

1. 1020 2.86 2.86

0.9016 4.23 -6 4.23

0. 7630 3.78 -6 
3.78-6

0.6612 2.27 -6 
2.27 -6

-7 
-13

0.5834 8.32 3.02 8.32-

0.5220 1.15 7.4012 9.17-6 9.296

0.4723: 1.19 -9 7.35 11 5.18 -5 5.18 -5

0.4312 5.28 -9 4.23 -10 3.82 -4 2.37 -3 2.75 -3

0.3967 4.40 1.66 4.46 8.443 8.89
0.:;(;73 , 1 66 -7 1.18-9 1.66- 7.56-3 9.22-

o. 3420 2.72 -7 2.73 - o 2.85 -3 5.22- 3.16 -2 3.45

7 3-5-2 .29!.) 3.40 -74.91 -39.9 5 .1 4.08

1) 3006 2.07 -71.05 - 4.99 -8.78 -9.88-

0. 2834 3.41 - 8 1.56 -2 2.40 -3 1.44 -1 1. 62 1
-2- 1 2 1

0.2681 3.17 9.39 1.881 2.291

0. 2543 
6.12 -2 3.91 -2 3.39 -1 4.39 1

0.2419 5.81-2 2.981 2.111 5.67 1

0. 2307 8.022 2.181 9.962 3.981

0.2204 7.69 2 8.39 -2 2.33 2.49

0.2110 2.60 3.41 2.61 3.21
-1 -1 -2-

0.2024 
1.51 2.99 3.84 2 4.881

0.1945 
1.69 1 1.241 I 2.93 1

0.1871 2.88 2 2.882

0.1803 6.05 1 6.05

0.1740 1.66 1.66

0.1681
0.1626

0. 1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0.1167

61
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Table 27

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 4000 K and p/p = 10-1

N,,(l) N ) NOjl NO NO 0 (S-R)
O0- 2 2 (l 2 JTotal

. 20 2.91 -72.91

0.9016 4.30 -7 4.30 -7

0. 700 3.85 -7 3.85 -7

0.6612 2.32 -7 2.32 -7-1332-8

0.5834 8.47 -8 1.09 -13 8.47 -8
O.52I.7- I 12 -7 -

0.5220 1.17 2.u7 6.24 6.36 -
0.4723 1.21 -10 2.65 -11 3.52 -6 3.52 -6

0.4312 5.37 -.10 1.53 -10 2.60 1.08 -4 1.34 -4

0. 3967 4.48 -9 5.99 -10 3.04 -5 3.85 -4 4.15 -4

1..73 I.68 -8 4.26 -10 1.13 -4 3.45 -4 4.58 -4

(. 3420 2.77 -8 9.86 11 1.94 -4 3.55 -7 1.44 -3 1.63 -3

0.3199 3.81 -8 3.34 -4 6.73 -6 1.91 -3 2.25 -3

0. 3006 2. 11 -8 7.15 -4 3.39 -5 4.00 -3 4.75 -3
0. 2834 3.47 -7 1.06 -3 1.64 -4 6.57 -3 7.79 -3

0.2681 2.16 -3 6.39 -4 8.57 -3 1.14 11

0.2543 4.16 2.66 -3 1.55 -2 2.23 -2

0.2419 o nI-3 -2
023 2. 9. G23 3.38 20.2307 5.46 1.48 -2 4.54 2.48 -2

0.2204 5.23 -3 5.71 -3 1.06 1 1.17 -1

0.2110 1.71 -2 2.32 -2 1.19 -1 1.60 -1

0.2024 1.02 -2 2.03 -2 1.75 -3 3.23 -2

0.1945 1.15 5.65 1.722

0. 8131 -3 1.31

0.1803 2.762 2.762

0.1740 7.57 2 7.57 -2

O. '168 1

0. 1626

0.1574

0. 1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.122,4

0.1195
0. 1167
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Table 28

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T = 4000 K and P/p = 10-2

N2V1) [ 2 (2) N +( NOP NOy 0 2 s-R) 1 Tota

1.9837

1.4168
-8 -8

1.1020 2.97 2.97

0. 901 '; 4.38 4.38-8
-8 -

0. 7610 9 3.92 -8

0.6612 2.36 -8 2.36
-9 -14-9

0.5834 8.63 5.1814 8.63

0.5220 1.20 1.27 -12 2. 2.928

0.4723 1.23 1.26 -11 1.58 -7 1.58 -7

0.4312 5.47 7. 2611 1.16 2.13 3.29

0.3967 4.56 2.85 1.36 7.58 6 8.94-
-9 -10 -6 -6 -5

0. 3673 1.72 2.03 5.06 6.79 1.19
-9 -11 -6 -8 -5 -5

0.3420 2.82 4.69 8.69 1.59 A.84 3.72-9 -5 -7 -5 -0.3199 3.88 1.50 3.02 3.75 5.28

0.3006 .15 3.91 1.52 f 7.88 -1.12

0.2834 3.5410 4.76 7.346 1.29 1.84
-5-5 -4 .

0.2681 9.68 2.87 1.69 2.95 -

-4 -4 -4 -4
0.2543 1.87 1.19 3.04 6.10

0,2419 1.77 9.09 1.89 1.28-
0.2307 2.45 6.65 8.94 9.994

0.2204 2.35 2.56 2.09 2.58

0.2110 7.93 -4 1.04-3 2.34-3 4.17 -3

0.2024 4.60 9.13 3.45 1.413

-4 -4 -4
0.1945 5.16 1.11 6.27

.1871 2.59 2.595
-4 

-4
0.1803 5.43 5.43

0.1740 1.49 1.49

0.1681

"' 1626

0.1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0. 1255

0.1224

0. 1195

0. 1167

63
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Table 29

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 4000 K and p/p 10 - 3

0

(u. 2) N2 (2
4 ) ( - NO NOy 0 2 (S-R) I Total

I 9837

.4] 6$

1.1020 2.98 -9 
2.-9

0.9016 4.40 -9 4.40-9

0.37630 3.94 -99

0.6612 2.37 -9 2.37 -9
0.5834 8.67 -10 2.79 -14 8.67 -10
0.5220 1.20 6.85-13 9.67 -10 1.09 -

-12 12 9-90.4723 1.24 6.81 5.46 5.47
0.4312 5.50 -12 3.92 -11 4.02 -8 2.53 -8 6.55 -8
0.3967 4.58 -11 1.54 - 10 4.71 -8 9.00 -8 1.37 -7
0.3673 1.72 -10 1.09 -10 1.75 8.068 2.56
0.3420 2.84 -10 2.53 -11 3.00 -7 5.51 -10 3.37 -7 6.38 -7
0. 3199 3.90 -10 5.18 -7 1.04 -8 4.46 -7 9.76 -7
0.3006 2.16 -10 I. 11 -6 5.26 -8 9.36 -7 2.10 -6
0.2834 3.55 -11 1.64 -6 2.54 -7 1.54-6 3.43 -6

0.2681 3.34 -6 9.91 -7 2,Ofl -6 6.33 -6
0.2543 6.45 -6 4.12 -6 3.61 -6 1.42 -5

0. 2419 6.12 -6 3.14 -5 2.25 -6 3.98-5

0.2307 8.46 -6 2.30 -5 1.06 -6 3.25 -5

0. 2204 8.11 -6 8.85 -6 2.48 -5 4.18 -5
0. 2110 2.74 -5 3.60 -5 2.78 -5 9.12 -5

0. 2024 1.59 -5 3.15 -5 4.09 -7 4.78 -5
0. 1945 1.78 -5 1.32 -6 1,.91 -5

O,.1871 3.07 -7 3 07 -7

0.1803 6.45 -6 6.45 -6
0. 1740 1.77 -5 1.77 -5

0.1681

0.1626

0. 1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0.1167

64

Y - .7[ 4 . . .... : : . . ; i .: .; ¢ . . ..' .? : i .: .' " i" ,-:" .- .' ' .;.- , , ---. .' , --.% .- --- ' - - --?



Table 30

ABSORPTION COEFFICIENT OF AIR (cm - ) T 4000 K and p/po 1 0 -

' N2(1, ) N2 (24) N+ (I' NO P NO !S-R)

1. 9837
1.4168

1.1020 2.94 -10 2.94 -10

0.9016 4.34 -10 4.34 -10

0.7630 3.89 -10 3.89 -10

0.6612 2.34 -10 2.34 -10

0.5834 8.56 -11 1.54-14 8.56 -11

0.5220 1.18 -11 3.77 -13 3.08 -11 4.30 -11

0.4723 1.22 -13 3.75 -12 1.74 -10 1.78 -10
-13 -11 -9 -10 -

0.4312 5.42 2.16 1.28 2.62 1.56
-12 -I1 -9 -10 -

0.3967 4.52 8.46 1.50 9.33 2.529

0.3673 1.70 6.02 5.57 8.36 6.489

0.3420 2.80 1.39 9.58 1.76 3.49 1.318

0.3199 3.84 1.65 8 3.33 4.62 2.158
-11 -8 -9 -9 -

0. 3006 2.13 3.54 1.68 9.71 4.688
-12 -8-9-88

0.2834 3.50 5.258 8.09 9 1.598 7.658
_17 -0-8-

0.2681 1. 07 * 3.16 , 2.08 1.59

0.2543 2.067 1.327 3.75-8 3.757

0.2419 1.95 1006 2 833 1.226

0.2307 2.70 7.32 1.0 8  1.01 6

0.2204 2.59-7 2.82 -7 2.58 -7 7.99 -7

0.2110 8.74 -7 1.15 -G 2.89 -7 2.31 -6

0. 2024 5.07 1.01 6  4.259 1.52 -6
-7 -8 -

0.1945 5.69 1.37 5.837

0. 1871 3.19 -9 3.19 -

0.1803 6.698 6.698

0.1740 
1.84 1.847

0. 1681

0.1626

0.1574

0. 1526

0. 1480

0. 1437

0.1397
0.1359

0.1322

0. 1288

0. 1255

0.1224

0. 1195

0.1167
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Table 31

ABSORPTION COEFFICIENT OF AIR (cm - ) : T - 4u00 K and p/po =10 5

S + N2 +  N + NO P N

(U) 2 (i NO 0 2 (S-R) JTotal

1.9837

1.4168

1.1020 2.78 2.78

0.9016 4.11 4.11

0.7630 3 . 6 8 - 3.68

0.6612 2.21 2.21 -

0.5834 8.10 -12 8.26 -15 8.11 -12
0. 5220 1.12 -12 2.03 -13 9.56 -13. 2.28 -12

0.4723 1.15 -14 2.01 -12 5.40 -12 7.42 -12

0.4312 5.13 -14 1.16 -11 3.98 -11 2.65 -12 5.41 -11

0.3967 4.28 -13 4.54 -11 4.65 -11 9.44 -12 1.02 -10

0. 3673 1.61 -12 3.24 -11 1.73 -10 8.46 -12 2.15 -10

0.3420 2.65 -12 7.49 -12 2.97 -10 5.44 -13 3.54 -11 3.36 -10

0.3199 3.64 12 5.12 10 1.03 4.68 5.73 -10

0.3006 2.01 -12 1.10 -9 5.20 -11 9.82-11 1.25 -9

0. 2834 3.32 -13 1.63 -9 2.51 -10 1.61 -10 2.04 -9

0. 2681 3.30 -9 9.80 -10 2.10 - 4.49 -9
-9 -9 -10 -8

0.2543 6.38 4.08 3.7 9 1 1.08
0. 2419 6.05 -9 3.10 -82.36 - 0 3.73 -

-9 -8 - 10 -8
0.2307 8.36 2.27 1.11 3.12

0 2204 8.02 8.75 2.61 1.94
-8 -8 -9 -80. 2110 2.71 -8 3.56 -82.92 9 6,.56 -

0.2024 1.57 8 3.12 4.30 4.69

0.1945 1.76 -8 1.39 -10 1.77 -8

0.1871 
3.2211 3.2211

0. 1803 
6.77 -10 6.77 -10

-9 -9
0. 1740 

1.86 1.86

0.1681

0.1626

0. 1574

0. 1526

0.1480

0. 1437
0.1397

0. 1359

0.1322

0.1288

0. 1255

0. 1224

0. 1195

0. 1167
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Table 32

ABSORPTION COEFFICIENT OF AIR (cm- 1) T = 4000 K and p/po 10 -6

N2I) N2(2
+
) N+( o o SR

WN N(-) NO f NO 2 0 (-) 4Total

1.9837

1.4168
-12 23 1

1.1020 2.33 2.33 -12
0.06-12 3.44-12

0. 9016 3.44 34

0.7630 3.08 -12 
3.08 -12

0-02 8 12 18-12
A 0 . 6 6 1 2 1 8 5 

"1
0.5834 6.78 4.03 6.82-
0.5220 9.39 -14 9.89 -14 2.78 -14 2.21 -i3

0.4723 9.67 -16 9.83 -13 1.57 -13 1.14 -12

0.4312 4.30 - 14 5.65 -2 1.16 -12 2.66 -14 6.84 -11

0.3967 3.59 - 2.22- 1.35 9.48 2.37

0.3673 1.35 13 1.58 12 5.02 -12 8.49 -1 2.0 -11

0.3420 2.22 -13 3.65 8.63 1.58 3.b5 1.29

0. 3199 3.0513 1.4911 3.00 -13 4.6913 1.6011

0.3006 1.69 -13 3.19 - 1.31 12 9.86 -13 3.46 -1I-

0.2834 2.78 4.72 7.29 12 1.62 -12 5.61 -11

-11 211 1

0.2681 9.60 -11 2.85 -10 2.11 -12 1.27 -10

0. 2543 1.85 1.19 3.81 - 1.41

-1 0- 1z -0
0.2419 1.76 -10 9.02 -10 2.37 -12 1.08 -1-10 -10-2-0

0.2307 2.43 6.60 1.12 9.04
0-224-10 2.911 -1

2.33 2.54 2.62 1 .13

0. 2110 7.87 - 10 1.03 -9 2.93 - 11 1. 85 -9

0.2024 
4.56- 9.06 4.31 13 1.369

0. 1945 1 1.3912 5.13 -10
0.1871 3.23 13 3.23 -13
.1871 - 12 -12

0.1803 
6.79 1 6.79

0.1740 
1.86 1.86

0. 1681

0.1626

0. 1574

0. 1526

0.1480

0.1437

0.1397

0. 1359

0.1322

0.1288

0. 1255

0. 1224

0. 1195

0.1167

67



'Table :33
A3SOR PTION COEFFICIENT OF AIR (cm-) T: ;000(°K and fP/Poc 1O

A N,(I) )N.)(2 ) £N,z) NO 13 NO y 2 (S-R) 1
PD(O-) 1:ff 1

Total

937 2.69 2.69

-.116 9.86 9.86 -
1.1020 7.02 4.62 7.07-3-2 

-22 .0
0. 9016 1.13 -2 2.54 5 1.13

0.7630 1.22 -2 1.92 -2 1.54 -5 3.14 -2
0.5(6 512 9.21 -3 2.34-2 1.00 -5 3.26 -2
0.5834 5.42 9.72 8 2.55 -2 6.90 -6 3,09 -2
0.5220 7.84 -4 2.16 -6 3.01 -3 2.72 -2 4.90 -6 3.10 -2
0.4723 9.27 5 1.80 1.27 2.82 -2 3.64 -6 4.10 -2-.:25.89-2-11

U.4:312 3.44 -4 7.43 -5 5.89 -2 1.24 1 2.93 -2 2.76 -6 2.13 -1
0.3967 1.72 -3 2.03 -4 5.25 -2 3.39 1 2.95 -2 2.15 -6 4.23 -1
0.3673 4.75 -3 1.65 -4 1.42- I 2.42 -1 2.98 -2 1.71 -6 4.19-I

0.3420 5.67 4.16 2.01 3.16 8.18- 4.482 1.38-6 1.07
03199 8.71 -3 2.77 -1 5.52 -3 7.86 1 5.31 1.136 1.130.3006 5.04 -3 4.78 1 2.20 1.37 5.73 -2 9.36 -7 1.93
0.2834 7.84 -4 5.52 1 9.06 -2 1.80 6.02 -2 7.84 -7 2.50

0 2681 8.83 1 2.65 1 1.96 6.23 -2 6.64 -7 3.17
0.2543 1.52 8.48 1 2.80 6.40 -2 5.65 5.230.2419 1.18 4.03 1.40 6.57 -2 4.86 -7 6.68

1 2 -7
0.2307 1.39 2.24 5.58 6.732 4.21 4.26
0.2204 1, 22 1.17 1.21 1 6.86 -2 3.69 -7 1.46 1
0.2110 3.57 3.44 1.17 1 7.49 2 3.25 -7 1.88 1
0.2024 1.83 3.01 1.26 1 7.82-2 2.87 -7 5.04
0.1945 1.64 3.40 1 -2 2.

7299 2.55 2.060.1871 6.562 8.16 -2 2.27 - 1.47-

0.1803 1.38 8.28 2 2.03 -7 1.46
0.1740 3.76 8.41 -2 1.82 -7 3.840. 1681 8.58 -2 1.64 -7 8.58 -2

0.1626 8.74 -2 1.48 -7 8.74 -2

0.1574 8.87 -2 1.34 -7 8.87 2
0. 1526 9.00 1.22- 9.002
0.1480 9.16 -2 -7 9.16 -2
0.1437 9.29-2 1.02-7 9.29-2
0.1397 9.41-2 9.35-8 9.4] -2

.359 9.542 8.62-8 9.54 -2
0.1322 9.66 -2 7.94-8 9.66 20.] 288 9.83 2 7.32 -8 9.83 -2

0. 1255 9.962 6.79-8 9.96-2
0.1224 1.01 1 6.30 -8 1.01 -1
0.11195 1.02 -1 5.84 -8 1.021
0.1167 1.03 -1 5.45 -8 1.03]
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Table 34

-1 0APqORPTION COEFFICIENT OF AIR (cm- ) T = 6000 K and pp :

(P N2 (1+) N2 (2
+ ) N 1 ) NO P NOy 0 2 (S -R) APD(O') 

1 f! PTotal

1.9837 1.66 -5 1.66 -5
S-6 -6

1. 4168 6.07 6.07

1.1020 7.16 -4 2.84 -6 7.19 -4

0.9016 1.16 -3 1.56 -6 16-3

0.7630 1.25 -3 6.96 -4 9.47 -7 1.95 -3

0.6612 9.40 -4 8.48 -4 6.16 -7 1.79 -3
-4 -8 9.4-4 4.4 7 1.8 3

0.5834 5.53 3.99 j 9.24 4.24 1.48

0.5220 8.00- 8.87 - 1.41-4 9.84- 3.02 - 1.21-

0.4723 9.466 7.406 5.93 1.02 -3 2.24 - 1.63-

0.4312 3.51 -5 3.05 -5 2.75 -3 2.67 -3 1.06 -3 1.70 -7 6.55 -3

0.3967 1.75 -4 8.34 -5 2.45 -3 7.29 -3 1.07 -3 1.32 -7 1. 11 -2
O.3634.5-4 6.8-5 6.4-3 5.1-3 1.8-3 1.05 -7 1.35 -2

0.3420 5.79 -4  1.71 -5 9.39 -3 1.48 5 1.76 -2 1.62-3 8.49 -8 2.92 -2

.3 , .- 2 -4 1.69 -2 1.92-3 6.95 -8 3.30 -2

0.3006 5.14 2.24 - 1.03 - 2.95 -2 2.07 - 5.768 555

0.2834 8.00 -5 2.58 - 2 4.24 -3 3.88 -2 2.18 -3 4.82 -8  7.11 -2

0. 2681 4.13 -2 1.24- 4.22 - 2,26 -3 4.08 - 9.82-2-2 -2 -3 -8-

0. 2543 7.12- Q.97 6.09  2.32 3.47 1.73

0.2419 5.53 - 1.88 - 3.01 - 2.38 - 2.99 - 2.76

0.2307 6.49 -2 1.05 -1 1.20 -2 2.44 -3 2.59 -8 1.841
-- 2 -1 -3 -8-

0. 2204 5.71 5.46 2.60 - 2.48 2.27 3.74

0.2110 1.67 -1 1.61 -1 2.51 -1 2.71 -3 2.00 -8 5.82 -1

0. 2024 8.56 -2 141 -1 2.71 -3 2.83 -3 1.77 -8 2.32 -1

0.1945 7.68 - 7.31 - 2.89 - 1.57 -8 8.70 -2

-3 -3 -8 -3
0.1871 1.41 2.95 1.40 4.36 L

-2 -3 -8 -2

0.1803 2.96 3.00 1.25 3.26
0.1740 8.09 -2 3.04 - 1.12 -8 8.392

-3 -8 -3
0.1681 3.10 1.01 3.10

.1263.16 -3 9.11 -8 3.16 -

0.1674 3.21 8.24 3.21-

0.1526 3.26 -3 7.51 -9 3.26 -3

0.1480 3.32 3 6.85 9 3.32 3

0.1437 3.36 - 6.27 -9 3.36'--3-9 3
397 3.41 5.75 3.41

0.1359 3.453 5.30 3.45-3
0.393 -9 -3

322 3.50 4.88 3.50
-31255 -30.1288 3.563 4.519 3.56

0.1288 3.60 4.18 3.60
-3-9 -30.1224 3.65 3.88 3.65

-3 -9 -3
,1195 3.69 3.59 3.69

0.1167 3.72- 3.359 3.72
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Table 35

ABSORPTION COEFFICIENT OF AIR (cm - ) T 6000 K and p/p =10-

A N2 ( +) N2 (2+ ) N ( ( NO NO y 0 2 (S-It) MPD(O) 1ff 'Total

1.9837 6.08 -7 6.08 -7

1.4168 2.23 -7 2.23 -7

1.1020 6.88 -5 1.04 -7 6.89 -5

0.9016 1. 11 -4 5.74 -8 1.11 -4

0.7630 1.20 -4 1.52 -5 3.48 8 1.35 -4

0.6612 9.03 -5 1.85 2.26 1.09-4
18 -5 -8 7.3350.5834 5.32 2.008 2.01 5 1.56 8 50.5220 7.69 -6 4.44 -7 4.94 -6 2.14 1.11 8  3.45

0.72 696- -4.94 3.45.4723 9.09 3.706 2.08- 2.22- 8.24 76-

0.4312 3.38 -6 1.53 - 9.66 - 3.42 2.31 6.25 1.74
0.3967 1.68 4.17- 8.60 - 9.335 2.32- 4.86 2.61

0.3673 4.66 -5 3.39 -5 2.33 -4 6.67 -5 2.35 -5 3.86 -9 4.04 -4
-642 5.4 -74 .20.3420 5.56 8.54 .29 5.19 -7 2.25 -4 3.53 -5 3.12 9 6.54 -4

0. 3199 8.54 4.54 9.06 -6 2.16 -4 4.19 -5 2.55 -9 8.06 -4

0.3006 4.94 -5 7.85 -4 3.60 -5 3.73 -4 4.52 -5 2.12 -9 1.29 -3
7.69 -6 9.05 8 -4 4.97 -4 4.75 -5 1.77 -9 1.61 -3.28347 1.45 -3 4.34 -4 5.40 -4 4.91 -5 1.48 -9 2.47 -3

026811.5 4 4
0.2543 2.50 -3 1.39 -3 7.71 -4 5.04 -5 1.28 -9 4.71 -3
0.2419 1.94 6.60 - 3.85- 5.17- 1.10 9 8.98

3 -3 4-5 -90 -30. 2307 2.27 -3 3.67 -3 1.54 -4 5.41 -5 9.52 -10 6.15 -30.2204 2.50 - 1.91 - 3.33 - 5.41 - 8.35 7.29

0.2110 5.85 -3 5.64 -3 3.21 -3 5.90 -5 7.36 -10 1.48 -2

0.2024 3.00 -3 4.94 -3 3.47 -5 6.16 -5 6.49 -10 8.04 -3

0.1945 2.69 - 9.36 5 6.30 5 5.76 -10 2.85 5
.1871 1.80 4 6.43 5 5.13 10 8.23 -5

0.1803 3.79 3 6.53 5 4.59 10 4.44 3

0.1740 1.04 6.62 5 4.11 10 1.11 5
0.1681 6.76 3.70 6.76

-5 -10 -5.166 6.89 3.35 6.89
0.1574 -0-
0.1526 7.09 5 2.76 10 7.09 5
0.1480 7.22 5 1 2.52 -10 7.22 -5
0.1437 7.32 5 2 30 10 7.32 5
0.1397 

7.42 -5 2.11 -10 7.42 5
0.1359 7.51 1.9510 7.51-

7.61 -5 1.79 -10 7.61 -50,32-5 -I10 7-.5
1.79 7.61F0.1288 7.75 -5 1.66 --

-5-10 -5
0.1255 7.84 5 .4 510 i. 84

.1224 7.94 1.43 7.94-5 -to -50.195 8.04 1.32 8.04
0.1195-5 -0
0.1167 8.11 1.23 8.11.
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Table 36

ABSORPTION COEFFICIENT OF AIR (cm - ) T =6000°K and p/po = 2

X N2 (I+) N2 (2 + ) N (1) NO )3 NO y 02 (S-R) 1 1PL(&' 1 t Total

t .- 8 I .-

1.9837 
1.94 . -8

-9 
-9

1.4168 7.09 7.09

1.1020 5.72 3.32 5.72

0.9016 9.23 -6 
1.83 -9 9.23 -6

0.7630 9.98 -6 
2.78 -7 1.11 -9 1.03 -5

0.6612 7.50 -6 
3.39 -7 7.20 -10 7.84 -6

0.5834 4.42 -6 9.36 3.69 - 4.96 -10 4.806

0.5220 6.39 2.08- 1.47 3.93 -10 1.39 -6
-8 -6 -7 -7 -0-

0.4723 7.55 1.74 6.20 4.08 2.62 -10 2.846

0 4312 2.80 -7 7.16 -6 2.88 -6 3.66 -7 4.23 -7 1.99 -10 1.11 -5

0.3967 1.40 -6 1.95 -5 2.57 -6 9.99 -7 4.26 -7 1.55 -10 2.49 -5

0.3673 3.87 -6 1.59 -5 6.95 -6 7.14 -7 4.31 -7 1.23 -10 2.79 -5

-6 40-6 -8 -6 -7 11 -5
0. 3420 4.62 4.00 9.82 -6 1.55 2.41 6.47 9.92 2.15

0.3199 7.09 -6 1.36- 2.70- 2.32 7.68 8.12 2.40

0.3006 4.10 -6 2.34- 1.076 4.04-6 8.28- 6.73 -11 3.345

0.2834 6.38 -7 2.70 -5 4.43 -6 5.32 -6 8.71 -7 5.64 -11 3.83 -5

0.2681 4.32 -5 1.30-5 5.78 -6 9.01 -7 4.77 -11 6.29 -5

0.2543 7.45 -5 4. 1. -5 R.25 -6 9.25 -7 4.06 -11 1.25 -4

0.2419 5.78 -5 1.97 -4 4.12 -6 9.49 -7 3.50 -11 2.60 -4

0.2307 6.78 -5 1.09 -4 1.64 -6 9.73 -7 3.03 -11 1.79 -4

0.2204 5.97 -0 5.71 -0 3.56 9.92 -7 2.66 -11 1.53 -4

0.2110 1.74 -4 1.68 -4 3.44 -5 1.08 -6 2.34 -11 3.77 -4

0.2024 8.96 -5 1.47 -4 3.71 -7 1.13 -6 2.06 11 2.38 -4

)0.1945 8.03 -5 1.00 -6 1.15 -6 1.83 -11 8.25 -5

0.1871 1.93 -7 1.18 -6 1.63 -1 1.37 6

-6 -6 -11 -6
0.1803 4.06 1.206 1.46 -11 5.26 -51.22-6 -11 -5

0. 1740 1.11 1.22 1.31 1.23
-6 -11 -6

0.1681 1.24 1.18 1.24
0.1626 1.26 6 1.07 12 1.26

0.1574 1.28 9.63 1.28

0.1526 1.30 -6 8.78 -12 1.30

0.1480 1.32 -6 8.01 -12 1.32

-6 -12
.137 1.34 7.33 1.340 . 4 7- 6 -1 2

0.1397 1.366 6.73 -12 1.36

0.1359 1.38 -6 6.20 -12 1.38

-64 5.71 10.1322 1.40 - 5.1-12 1.40

0.1288 
1.42 6 5.27 12 1.42

0.1255 1.44 4.89 1.44
-6 -120. 1224 1.46 -6 .51 1. 46
-6 4.0-12

0.1195 1.48 4.20 1.48
-6 -12 1

0.1167 
1.49 3.92 1.49
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Table 37

ABSORPTION COEFFICIENT OF AIR (cm - ): T = 60000K and p/Po 1 0 - 3

N2 (I ) N2 (2 ) N2() NO fI NOy 02 (S-) PD(O-) Pf Totai

1.9,837 6.19 -I0 6.19 -]0

10 -10
1.4168 2.27 2.27

1.1020 3.18 -7-10

0.901( 5.13 -7 5.84 -11 5.13 -7

0.76(.0 5.55 -7 5.05 -9 3.54 -11 5.60 -7

0. 6612 4.17 6.14 -9 2.31 -II 4.23 -7
-9 -11 -70,5834 2.40 - 2190 6.69 -1 2 56-

0.5220 3.55 . 644 8 3,1 7.13 -8 1.13 - 1.11 -
0.4723 4.20 -8 5.37 -7 1.48 -8 7.40 - 9 8.39 -12 5.63 -0.4312 1.56 2.22 6.86 3.74 7.68 - 6.36 -1 2.32 -6
03907 7.77 -8 6.05 -6 6.11 -8 1.02 8 7.73 -9 4.95 -12 6.21 -6

0.3673 215 -7 4.92 -5 1.65 -7 7.29 -9 7.82 -9 3.93 -12 5.32 -6

0.3420 2.57 1.24 2.34 3.69 2,40 1.17 8 3.18 12 .77

7.3 2.0 .1 8 1 357

0.3199 3.94 323 6.44 2.36 1.39 -8 2.60 -13 7.61 -8
03006 2.28 -7 2957 -7 2.56 -8 4413 -8 1.50 -8 2.15 -12 8.67 -7
0.02834 3.55 -8 6.43 -7 1.0 -7 5.43 -8 1.58 -8 1.81 -12 8.55 -7

0. 2681 1.03 -6 3.02 -37 5.90 -8 1.63 -8 1.53 -12 1.41 -6
0. 2543 1. 77 -6 9.88 -7 8.42 -8 1 68 - 8 1. 30 - 12 2.86 -6

6 8 -8 -132 -

0.2419 1.38 84.10 -3 4.21 61.72 1.12 6.il -

0.2307 1.62 -6 260 -a 1.68 -8 1.77 -8 9.-69 13 4.25 -6

0,2204 1.42 -0 1.30 -0 3.64 -7 1.80 - 28 8.:9 13 3.16 -6

-6678 -13 -8

0.2110 4,15 2.46 3.51 1.96 7.49 6.20 -

0.2024 2,13 3.51 3.79 2.05 .6 -13 5 66-
0.1945 1.91 - 1.02 -8 2.10 -8 5.86 -3 1.94 -

0.1871 1.97 -9 2.14 -8 5.22 -13 2.34 -8

0,1803 4.14 -8 2.17 -8 4.68 -13 6.31 8

0.1740 1.13 -7 2.20 - 8 4.18 -13 1.35 -7

011681 2.25 -8 3.77 -13 2.25

0.1626 2.29 -8 3.45 -13 2.29 -8
0.1.574 2 33 -8 3.08 - 13 2.33 -8

0.1526 2.36 -8 2.81 - 13 2.36 - 8

-8 -13 -80. 1480 2.40 2.56o 2.40
-8 -13 -8

0.1437 2.44 1.34 2.44
-8 -1" -8

0.1397 2.47 2.15 2.47
0.1359 2 50 -8 1.98 - 3 2 508

0. 1322 2.53 I .83 - 3 2.538

0. 1288 2.58 -8 1.69 - 3 2 588

-8 -13 -
0.1255 2.61 1.56 2 6 1

0 .1 2 2 4 2 .6 4 8_1._4 5 _ _13 2 6 8
-8 - 13 -

0.1195 2.68 1.3,4 2.68

0.1167 2.70 1 25 2.70
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Table 38

*ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T 6000 K and p/po = 10 - 4

(2) ( 2 2 2 (PD(O-) Iff "Total

1.9837 
3.13 3.13

1.4168 
1.15 1.15

1.1020 7.58 5.37 -12 7.59

j-8 -12 -8
0.9016 1.22 2.95 1.22

-8 -10 -12 -8
0.7630 1.32 81.14 1.79 1.33

-9 i.38 -10 .17 -12 1. -80.62 9.95 1.8 11710

-9 -10 -10 -13 -9
0.5834 5.86 3.08 1.51 8.02 6.32

-10 -9 -11 -10 -13 -9
0.5220 8.48 6.84 5.45 1.61 5.71 7.90
0.4723 1.00 5.71 2.2910 1.67 4.24 5.76

0.4312 3.72 "1 0  2.36 -7 1.07-9 3.76 - 1 1  1.73 -i0 3.21 -13 2.3-7
-9- 1.73-10 -13 2.3

0.3967 1.86 6.43 9.50 1.03 1.74 2.50 6.46
-9 -7 -9 -11 -10 - 13 -7

0.3673 5.14 5.24 2.57 7.35 1.76 1.99 5.32
-9 -7 -9 -12 -10 -10 -13 -7

0.3420 6.13 1.32 3.63 5.73 2.48 2.65 1.61 1.42
-9-9 -10 0 -0-3-

0.3199 9.41 5.02 1.00 2.38 3.14 1.31 1.51

-9 10 10 10 13 8
0.3006 5.449 8.66 3.97 4.16 3.39 1.09 1.53

-1 -9 9-0 -10 -14 -8

0.2834 8.4710 9.99 1.64 5.47 3.56 9.12 1.34

-8 -9 -10 -10 14 8
0. 2681 1.60 4.80 5.95 3.68 7.72 2.18

2.76 -8 1.54 -10 -10 -14 -8
0.24 -8 -8 -10 -10 -14 -8.2 4 1 9 2 . 1 4 -8 7 . 2 9 -8 4 . 2 4 1 0 3 . 8 8 - 0 5 . 6 5 - L 9 . 5 1 -

-8 -8 -10 -10 -Lt4 -8

0.2307 2.51 4.05 1.69 3.98 4.90 6.62

0.2204 2.21 2.11 3.67 4.05 4.29 4.73-8 -8 -9 -10 -14 -7
0.2110 6.46 6.23 3.54 4.42 3.79 1.31

-8 -8 -11 -10 -14 -8

0.2024 3.31 5.46 3.82 4.62 3.34 8.82
-8 13-10 -10 -14 -8

0.1945 2.97 1.03 4.72 2.96 3.03

0.1871 1.99 4.82 2.64 5.02

0.1803 
4.17 0 4.89 2.36 9.06 1

0-9626-10 -14 -100. 1740 
1.14 4.97 2.11 1.64 -

5.31 -10 1.42 -14 5.31 -10
0.1681 5.1 10 1.9o 1 4  5.110

-10 -14 -10

0. 1 243 
5.41 1. 21 5.41

0.375.496 10 1.19 -14 5.56 -10-10 -14 -10

0.1359 
5.64 1.00 5.64

0.1322 5.71 -10 9.23 - 5 5.71 -10

-0 -15 -10

0.1288 
5.81 -10 8.52 5.81

0.1255 
5.88 -10 7.90 -15 -10

0.1224 
5.96 -10 .1 5.96-10

-10 -i -10
0.1195 6.03 6.9 3.03

0.1167 
6.08 -10 6.34 -15 6.08 -10
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Table 39

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T = 6000 K and p/po = 10 - 5

0 N2(1+) N22 +  t 2 (1) NO NO O2(S -I) UPD(O) Iiff T ota l

1.9837 2.69 -12 2.69 -12

1.4168 9.86 -13 9.86 -13

1.1020 9.12 -11 4.62 -13 9.-11

0.9016 1.47 -10 2.54 -13 1.47 -10

0.7630 1.59 -10 3.32 -12 1.54 -13 1.62 -10

0.6612 1.20 -10 4.04 1.00 -13 1.24 -10

0.5834 7.05 _1i 1.26 4.41 6.90 -14 8.76 -11

0.5220 1.02 -11 2.80 -10 5.93 -13 4.69 4.90 -14 2.95 -10

0.4723 1.20 -12 2.34 -9 2.50 -12 4.88 3.64 -14 2.35 -9
A -12 -9 - 11 -13 - 14 -

0.4312 4.47 9.65 1.16 3.74 5.96 2.76 9.67
0.3967 2.23 -11 2.64 -8 1.03 -11 1.02 -12 5.09 2.15 -14 2.64 -8

0.3673 6.17 -1' 2.14 -8 2.80 -11 7.29 -13 5.15 1.71 -14 2.15 -8
0.3420 7.37 5.40 3.96 6.24 2.46 7.73 1.38 5.52 -

-10 -9 11 -14 -12 -14 -910.3199 1.13 -10 5.46 1.09 -12 2.37 -12 9.17 1.13 -14 1.80 -1[
0-11 - 11 - 12 - 12 - 15 "1

0.3006 6.54 9.43 4.33 4.13 9.90 9.36 1.780.2834 1.02 -11 1.09 -l1 1.79 -1 5.43 -12 1.04 -11 7.84 -15 1.53 -10

0.2681 1.74 - 5.22 -11 5.91 -12 1.08 -11 6.64 -15 2.43 -l1

0.2543 3.00 -10 1.67 -10 8.43 -12 1.11 5.65 -15 4.87 -10

0.2419 2.33 -10 7.94 -10 4.21 -12 1.13 4.86 -15 1.04 -9
-10 - 10 - 12 - 15 -100.2307 2.73 4.41 1.68 1.16 4.21 7.27
-10 - 10 - 11 - 15 -10

0.2204 2.40 2.30 3.64 1.18 3.69 5.18

0.2110 7.03 -10 6.78 -10 3.51 -11 1.29 3.25 -15 1.43 -9

0.2024 3.61 -10 5.94 -10 3.79 -13 1.35 2.87 -15 9.69 -10

-10 -12 -15 -10 I0.1945 3.24 1.02 1.38 2.55 3.39
-13 -15 -110.1871 1.97 1.41 2.27 1.43
-12 -15 -11

0.1803 4.14 1.43 2.03 1.84
0.1740 1.13 1.45 1.82 2 58

-15 -11
0.1681 1.48 1.64 1.48

-15 -110.1626 1.51 1.48 1.51
-15 -11

0.1574 1.53 1.34 1.53

0.1526 1.55 1.22 1.55 -11

0.1480 1.58 1.11 1.58

0.1437 1.60 1.02 1.60

0.1397 1.63 9.35 1.63

16 .650. 1359 1.65 8.62 1.65

-16 -110.1322 1.67 7.94 1.67

0.1288 
1.70 7.32 -16 1.70

-Jo -11
0.1255 1 72 6.79 1.72

-16 I -11
0.1224 1.74 6.30 1.741

0.1195 
1.76 5.84 16 1.76

.1167 
1 78 5.15 16 1.78
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Table 40

-1 0 1-ABSORPTION COEFFICIENT OF AIR (cm - ) T 6000 K and P/Po - 1  6

++ .- . .
A N ) No(2 ) N.)(1 ) NO (3 NO 0(S R) 

(p, 2(14 0N ( PI)(O') if 'otal

1.9837 2.61-13 2.61-13

1.4168 9.57 -14 9.57-14

1.1020 4- 1 3  4.4 9.69 13-12"4-14 96-12

0.9016 1.49 -12  2.46- 14  1.51-12

0.7630 1.61-12 1.03- 13 1.49 - 14 1.73 -12

0.6612 1.1-12 1.26 -1 3  9.72 - 1 5  1.35-12

0.5834 7.1413 4.09-1 3  1.37 -13 6.70 - 15  1.27- 12

0.5220 1.0313 9.09-12 5.93-15 1.4613 4.76 -15 9.35 -

0.4723 1.22 -14 7.59 -10 2.50 -14 1.52-13 3.54 -15  7.61

0. 4312 4.5314 3.1310 1.1613 3.7115 1.57-13 2.6815 3.1310
-1!3 -10 "1 -14 -13 -15 -10

0.3967 2.26 - 8.55 1.0313 1.01 1.58-13 2.09 8.55

0.3673 6.26 -13  6.96 - 1 0  2.80 - 1 3  7.23- 1 5  1.60 - 1 3  1.66 - 1 5  6.97- 1 0

d 13 -10 -13 -16 -14 -13 -15 -10
0.3420 7.47 -  1.75 -  3.96-  6.24-  2.44 1  2.40 -  1.34 -  1.76 -

0.3199 1.15 - 2 5.46 -13 1.09-14 2.35 -14 2.85 13 1.10 -16 2.02 -12

- 3---1 3. 13 90-16 000.3006 6.63 -13 9.43 "13 4.33 -14 4.09 3.08 9.08 -  2.00-12

0.2834 1.0313 1.0912 1.7913 5.39-14 3.24 -13 7.6116 1.75 "12
-12 -13 - 14 - 3 -16 26-120.2681 1.74 5.22 -1 2 5.86 -14  3.35-13 6.44 16  2.66 12

0.2543 3.00-
12 1.67 -

12 8.36 - 14 3.443 5.48-
16 5.10

-12
-.5314 -13 -16 1

0.2419 2.33 - 12 7.94
-

12 4.18
-  

3.53- 4.72
-  

1.07
- 11

0.2307 2.73
-12  

4.41-12 1.67-14 3.62-13 4.09
- 16  

7.52
- 12

0.2204 2.40
- 1 2  2.30

-
12 3.61-13 3.69

- 13 3.58
- 1 6  5.43

- 12

S12 79-12 3.48-13 4.02-13 3.16-16 1.46-11
0.21io703 679 34

- 12 -12 - 15 -13 -16 - 12
0.2024 3.61 5.94 3.76 4.20 2.79 9.97

-12 -14 -316 -120.1945 3.24- 1.01- 4.29-13 2.47- 3.68-
1.964 - 15 3 -16 40- 13

0.1871 196-14 438-13 2.20-16 4.40-13

0.1803 4.11 -14 445-13 197-16 4.86-13
0.1740 1.12 4.52-13 1.76 5.64

0.70-13 -16 - 13
0.1681 4.61-13 1.59-16 4.61-13

0.1626 4.70-13 1.44- 4.70-
0.6G-13 -16 - 13

0.1574 4.76 -1 3  1.30 - 16  4.76 -13

0.1526 "4.83-13 1.19-16 4.83-13

0.1480 4.92 -13 .08 4.92 -13

0.1437 4.99-13 9.89-17 4.99-13
5.06 9.08' 5.130.1397 
5.12-13 8.36-17 5.12-13

0.1359 5.12 8.36 5.12
0.1322 5.19 -13 7.70

-
17 5.19

-
13

0.1288 
5.28-13 7. 17 5.28-13

-13 -17 -13
0.1255 5.35 6.60 -17  5.35 -13

-13 -1-3

0.1224 5.42 6.12 5.420.22 -13 -7-1

0 1195 5.48 13 5.67 17

0.1167 5.53 5.29 5.53 "3
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Table 41

ABSORPTION COEFFICIENT OF AIR (cm-1 ) T 8000 0 K and p/po = 10

01) N2 (I) N2 (2) N2 (-) NO f1 NO y 2 S-R) PD(O-) "if Total

1.9837 
2.54-2 2.54-2

1.4168 
9.24

-3  9.24
-3

1.1020 3- 1"-2 
4.34-3 3.60-2

0.9016 5.23 -2  2.38
-3  5.4-2

0.7630 5.83-2  8.71-2 1.44 -3  1.41-
0.6ui2 J"2"2I 1. U- ' 2- I.50"

-5 q 2. - _-4 . -1
0.5834 2.35"2 3.10"5 1.16 6.35 -4  1.40 - 1

0.5220 5.02
-3  6.59

-4  8.50
-3  1.23 4.68

-4  1.38
- 1

0.4723 4.99-3 5.08-3 3.10-2 1.28 3.36 -4  1 69-1

0.4312 1.69-2 1.18
-2 1.15-1 G.'3

-2 1.33 2.56
-4  3.70

-1

0.3967 6.63
-2  4.01-2 8.82

- '  2.,19
-1  1.34 2.00

-4  5.38
-1

0.3673 1.54 -1 3.53 -2 2.06-1 1.33-1 1.35 1.59 -4  8.c1 -1

0.3420 1.55 -1  9.27-3 2.65 "1  4.66-4 4.05-1 2.02 1.28 -4  1.04

0.3)99 2.54 -1  3.26 -  7.0 -3  3.30 "1  2.41 1.05 -4  1.16

0.3006 1.49-i 5.06- 1  2.31-2 5.28- i 2.59 8.69 -  1.7

0.2834 2.14 -2  5.13 -1  9.44 -2  6.18 - 1  2.73 7.28 -5  1.52

0.2681 7.301 2.221 6.171 2.82 6.16 -  1.85

0.2b43 1.19 6.22 -1 7.78 -1 2.90 5.26-5 2.88-1 -5

0.2419 8.36 2.33 3.491 2.97 4.53 3.81

0.2307 9.04- 1  1.14 1.28 -1  3.05 3.93 -5 2.48

1.22-4 7.61-1 6.0 - 1  2.79 3.11 3.43-5  55

0. 2110 2.07 1.71 2.29 3.39 3.01- 6 51

0.2024 96 I.49 2.22-2 3.54 2.63" 2.86

0.1945 7.99 5.452 3.62 2.33 ).22
0.1871 9.54 3.69 2.08 3.79-

9.1803 2.01 3.75 1.86" 5.76 -

0.1740 
5.50

-1 3.81 1,67 -5  9.11l-1

G.1681 3.88 1.51-5 3.88 -1

0.1626 3.96 1.36 - 5  ;. 96-

0.1574 .4.02 1.24 - 5  4.02-

0.1b26 
4.07 1.13 '4.07

-l

0.1480 
4.15 1.03

-5 4.15-1

0.1437 4.20 9.41 4.20

0.1397 4.26 8.63 4.26

0.1359 4.32 7.96 - 6  4.321

,"'22 4.38 7.34
-6 4.38-

1

0. 1288 4.45 6.76 4.45

0.1255 4.51 6.27-6 .51

0.1224 4.56 5.81 4.56

11% 4.62 5.40 -6 4.621

4.66 5.036 4.66
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Table 42

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 8000 K and p/po = I

N ) N (2.) N,) (I NO 13 NO 0 (S - I) I " It

1.9817 
I. 10- 3 .10 - 3

I •4168 
3.98 - 4  3.98- 4

1.1020 2.66- 3  1.87-4 2.85-3

0.9016 4.39- 3 
1.03-4 4.49-3

0. 7630 4.89 - 3  2.11-3 6.19 5  7.06- 3

0.6612 3.62-3 
2.573 4.02-5 6.23-3

0.5834 1.97-3 1.25-5 2.80"3 2.74-5 4.81-3

0.5220 4.21-' 2.65 2.88 - 2.9 , 3.98 - 3

0.4723 4.18-4 2'05'3 1.05-3 3".10"3 1.45-5 6".63-1

0.4312 1.42-3 7.16-3 3.89-3 1.i9-3 3.22-3 111-5 1.69-2

0. 3967 556 1.62 - 2  2.99 - 3  2.85 - 3  3.24- 3  8.6u - 6  3.08- 2

0.3673 1.29- 2  1.42 - 2  6.98-3 1.81-3 3.28 - 3  6.83-6 3.92- 2

0. 3420 1.30 - 2  3 73- 2  8.98 - 3  1.58 - 5  5.52-3 4.92 - 3  5.52 - 6  6.97-2

0.3199 2 1.11-2 2.59-4 4.50-3 5.84"3 4.51-6 4.30- 2

1.71-2 7.83 - 4  7.19 - 3  6.30 - 3  3.74 - 6 4.39-2
O. 3'06 -3 2- 3-

0. z834 1.88 - 3  174- 2  3.20 - 3  8.43 - 3  6.62 - 3  3.14 - 6 3.75 - 2

0.2681 2.48-2 7.51-3 8.41-3 6.85-3 2.65-6 4.76-2

0.2543 4.04- 2  2.11-2 1.06 - 2  7.03- 3  2.27 - 6  7.91-2

-2 -2 -3 -3 -6 -
0.2419 2.83 7.902 4.76 7.22 1.95 1.19

0.307 2 386-2  1.74- 3  7.40- 3  1.69-6 7.83-2
0.2204 2.58-2 2.32 -2 3.64 -2 7.54-3 1.48 -6 9.29-

0.2110 7.03-2 5.81-2 3.26-2 8.233 1.306 1.69-1

0. 204 3.38 - 2 5.05 3.02-  3 59-3 1.13 - 6 9.32 - 2

0.1945 2.712 7.42- 8.78- 1.01- 6  3.66-

0.1871 
1.30- 4  8.96 - 3  8.96 - 7  9.09- 3

0.1803 
2.74 - 3  9.10- 3  8.02- 7  1.18 - 2

0.1740 
7.49- 3  9.24-  7.19 - 7  1.67-2

0.1681 
9.42- 3  6.49 - 7  9.42 - 3

0.1626 
9.61-3 5.87-7 9.61-3

0.1574 
.9.74-3 5.33-7 9.74-3

0. 1526 
9.88 - 3  4.86 - 7  9.88 - 3

0.1480 
1.01-2 4.43 - 7  1.01-2

0.1437 
1.02- 2 4.06 - 7  1.02- 2

0.1397 
1.03

-2  3.72
-7  1.03

-2

0.1359 
1.05- 2 43 - 7 1.05 - 2

0.1322 
1.06 2 3.16 1  1.06 - 2

0.1288 
1.08 - 2  2.91-7 1.08 - 2

0.1255 
1.09-2 2.70_7 1.09-2

-2 -7 -2

0.1224 1.11 2.51 1.11

0.1195 1.12 2.33 1. 12

0.1167 
1.13

-2 2.17
- ' 1.13

-2

,..7.

,,. 77



Table 43

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T = 8000 K and p/po = 10-1

(X) N 2(I ) N,(2) N2(I-) NO fi NO O2 (-R) PD(O) J~ff 0TotaI

1.9837 4.94-5 4.945

I .. 168 1.80-  1.8C-5

1. 1020 i..4,4 -4 8.43-6 1.52 -4

0.9016 2.38 4.62 -6 2.43 -

0. 7630 2.65 - 4  4.685 2.79 - 6 3.15 - 4

0. 6612 1.96-4 5.70- 5 1.81-6 2.55- 4

0.5834 1.06-4 3.21-6 6.20 - 5  1.23 - 6 1.724

0.5220 2.28 -  6.82-  7.016 6.61- 8.85 -  1.65 -

0. 4723 2.27-5 5.26- 4  2.56 - 5  6.86- 5  6.53 - 7  6.44 -

0.4312 7.67 - 5  1.84- 3  9.47 - 5  1.31 7.12 -  4.98 - 7  2.10 - 3

0. 3967 3.01-4 A. 15 - 3  7.27 -5 3.13- 5  7. 17 -5 3.88 - 7  4.63 - 3

0.3673 7.0 -  3.65 -  1.70 -  1.99 -  7.25 -  3.08 -  4.61-3

0.3420 7.03- 4  9.59 - 4  2.18 - 4  3.84 - 7  6.07- 5  1.09 - 4  2.49 - 7  2.05 - 3

0.3199 1.15 3 2.69 4 6.29- 6  4.95- 5  1.60 2.0 8 1.60 - 3

-4-4 -4 -5 -4 -7-3

0. 3006 6.75 4.17 1.90 7.90 1.64 1.69 -  1.33
0. 2834 1.02- 4  4.23- 4  7.79 - 5  9.26 -5 1.46 - 4  1.41-7 8.42 - 4

0. 2681 6.02-4 1. e3-4 9.24-5 1.52 - 4  1.20 - 7  1.03-3

0. 2543 9.84 -4 5.13 -  1.16 -  1.56 -  1.02 7  1. '77-

0. 2419 6.89 - 4  1.92 - 3  5.23 - 5  1.60 - 4  8.80 - 8  2.82- 3

0. 2307 7.45 -4 9.39 - 4  1.91-5 1.64 - 4  7.62 - 8  1.87 -3

0 2204 6.28-4 5.65-4 4.17-4 1.67-4 6.65 - 8 1.78-3

-3 -3 -4 -4 -8 -3
0 2110 1.71 1.41-3 3.58 1.82 - 4  5.84- 8  3.66-3
0.2024 ,.21 1.23 3.32 1.90 - 4  5.10-8 2.24-4

0 1945 6.59- 8.15-6 1.94"4 4.53 -  8.62-4

0.1871 1.436 1.934 4.048 1.994

0.1803 3.01 5 2.01-4 3.61- 8  2.31-4
0 1140 8.23-  2.04- 3.24- 8 2.86-

0.1681 2.08- 2.92- 2.08-
0.1626 2.13 2.64- 2.13-

2.16~ 2.408 2.16
0.1574 4 -8 -4

0. 1526 2.19 2.19 2.19

0.1480 2.23- 2.00-8 2.23-

0.1437 2.26-4 1.83-8 2.26-40. 1397 2.29-4 1.68-8 2.29- 4

0. 1359 2 32 1.55-8 2.32-

0.1322 
2.35-4 1.43-8 2.35- 4

0.1288 239-4 138-4

0,1255 2.42 1.22-8 2.42
0. 2 42.45- 4 1.13- 8 2.45- 4

- 4 -8
1195 2.48 2.482.50, 7 2..50

0.1167 25
4

_97
-  2.5 -
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Table 44

-1 0 02
ABSORPTION COEFFICIENT OF AIR (cm - ) T = 8000 K and P/p = i0 2

-- -' ---- I
(1 4 N2(2 )  N2 (I )  NO NO y (S-1) #AiPi(( 1  'fi mtf.i j

1. 9837 3.68 3.68

1. 4168 1.34 - 6 1.34-

1.1020 327 6.28 -7  3.90 -0

O. ,016 5.393 .44-7  5.73 - 6

0.7630 6.01 1.30 -6 2.08-7  7.52 -0

0.6612 4.466 1.58 - 6  1.35 - 7  6.18 - 6

0.5834 2.426 2.64 -7  1.72 -6 9.20-  4.50-

0.75220 5.62 - 6 1.07-  846 8.15 -

0.4723 5.15 - 7  4.34- 5  3.90 - 7  1.91-6 4.86- 8  4.63- 5

0.4312 1.746 -.52- 1.44 6  1.34 7  1.986 3.718 1.57

0.3967 6.83- 6 3.42-  1. 11- 3.21- 1.99-6 2.89 - 8 3.52 -4

0.3673 1.59 5  3.01-4 2.59- 6 2.04-7 2.01-6 2.29-8 3.22-4

0.3420 1.60-5 7.90-5 3.33-6 5.86-9 6.22-7 3.02-6 1.85-8 1.02-4

0.3199 2.62-5 4.11-6 9.60-8 5.07-7 3.59-6 1.52-8 3.45-5

0.3006 1.53- 5  6.36 - 6 2.91- 7  8.10 - 7  3.87-6 1.26 - 8  2.66 - 5

-6 8 5 7 ~ 26 8 3 5
0.2834 2.31- 6.45-6 1.19 - 6 9.50-  4.076 1.058 1.0

.2681 9.19 - 6 2.79-6 9.48- 7  4.21- 6  8.91-9 1.71-5

0.2543 1.50 7.836 1.196 4.326 7.61- 2'83-

0.2419 1.05 - 5  2.93- 5  5.36 - 7  4.44-6 6.55 - 9  4.48 -5

.2307 1.14 -  1.43 -  1.96 7  4.55 -6 5.68 - 9  3.01"5

0.2204 9.58-6 8.62-2 4.28-6 4.63- 4.95-9 271-

0.2110 2.61-5 2.16-5 3.67-6 5.066 4.35-9 5.64-5
0.2024 1.25- 5  1.87 - 5  3.40- 8 5.28- 6  3.80 - 9  3.65 - 5

0.0458- -94 -5
0.1945 1.01- 8.368 5.40-6 3.37-9 1.56-6
0.111 1.47- 8 5.51- 3.01- 5.52-

0.1803 3.09-7 5.59-6 2.69-9 5.90-6
78.44 -7  5.68 - 6 2.41- 6.53- 6

0.1740 5.79-6 2.18-9 5.7.-6

0. 1681 -6 -9 -5.906 1.97 5.90
0 1626 -6 60.574 5.996 1.79 -  5.99-6

0.1576 6 9 -60. 152G 
G.07-6 1.63- 6 -

14816419 -6 1.49-9 6.19-6

6.19 -9 6
.1437 6.27-6 1.36-  6.27

Q.1397 6.446 1.15 6.446

0.1359 6.53 - 6 1.06- 9  6.53 - 6

0. 1322 6.64 - 6  9.78 - 1 0  6.64 - 6

0.13228- -10O. 12886.72 -  9.07 - 1  6.72 - (

01255 726-1
0 256.816 8.4110 6.81 6

0.1194 6.896 7.8110 6.896

0. 167 .____6.956 7.2810 6.95 -

0.1I167
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Table 45
ABSORPTION COEFFICIENT OF AIR (cm - 1  T 80000K and p/P, 10- 3

__ _ __ _____-... ..
4) N.)(I ) N.(2 ) I NO P NO y 0 2 (S-R) PDO) "iIP - IP { ' ll -7IToa

1.9837 ' 3.54 -7 3.54 -7

1.4168 1.29 -7 1.29 -7

1.1020 3.81 -6.048 9.85 -8
0.0 62 -88-

0.901 6.29 83.31 -8 9.60 -8

C. 7630 7.01 -8 4.01 -8 2.00-8 1.30-7

0.6612 5.20 8 4.88 -8 1.30 -8 1.14 -7
0.5834 2.82 9.98 5.32 -0 8.85 -9 1.00 -

0.5220 6.03- 2.12- 1.15- 5.67 -8 6.35 - 2.82 -

0.,1723 6.00- 1.04 -6 4.20- 5.898 4.68- 1.71 -6

0.4:312 2.03 -8 5.73 -6 1.55 -8 1.33 -9 6.10 -8 3.57 -9 5.83 -6

0.3967 7.96 -8 1.29 -5 1.19 -8 3.19 -9 6.15 -8 2.78 -9 1.31 -5

0.3673 1.85 -7 1.14 -5 2.79 -8 2.03-  6.22 -8 2.21 -9 1.17 -5
0.3420 1.86 -  2.99 - 6 3.588 6.31-11 6.18- 93-8j 1.78- 9  3.316

0.3199 3.05 -7 4.42-8 1.03 -9 5.04 -9 1. 1I -7 1.46 -9 4.68-7

0.3006 1.79 -7 6.84 -8 3.12 9 8.05 9 1.19 -7 1.21 9 3.79 -7

0.2834 2.698 6.948 1.2-8 9.44 -9 1.26- 1.01 9  2.46 -

0.2681 9.88 - 8 3.00 - 8 9.42 - 9  1.30-7 8.57-I0 2.69 - 7

0.2543 1.62 8.428 1.19 1.33 7.32 3.92 -
-7 -7 -9 -7 10 -0.2419 1.13 3.15 5.33 1.37 - 6.31 5.71

0.2307 1.22 -7 1.5" -7 1.95 -9 1.40 -7 5.47 -10 4.18 -7

0.2204 1.03 -7 9.27 -8 4.25 -8 1.43 -7 4.77 - 0 3.82 -7

0.2110 2.81- 2.32- 3.658 1.56- 4.19 -10 7.06 -7
0.2024 1.35 -7 2.02 -7 3.38 -10 1.63 -7 3.66 -10 5.01-7

-7 -10 -7 -0-
0.1945 1.08 8.31 1.67 3.25 -10 2.76

-10 -7 -0-0.1871 1.46 1.70 2.8910 1.70-

0.1803 3.07 -9 1.73 -7 2.59 -10 1.76 -7

0.1740 8.399 1.75 2.32 -10 1.847

0. 1681 1.79 -7 2.10 10 1.79 -

0.1686 -7 1 -, 1 -70.1626 1.82 1.90 -10 1.82

-7 -040 -7
0.1480 1.881- 1.43-I 1,891-

-7 -10 -7
0.1437 1.94 1.31 1.9

196 -71.20 - 0 196-7

-7 -10. -7

0. 1397I,9 I.0I.6

0.1359 
1.99 1. 11 1.99

-7 -10 -7
0.1322 

2.01 1.02 201
0.1288 2.05 -7 9.41 2.05
0 1255 2108 8.73 2.08

0 25-7 -11 -7
0.1224 2 - 8.09 2.10 7

01195III-7
0 1 1 915 2 1 3 7 7 . 5 1 1 2 1 3 7

0.1I167 2.15 7.01 2. 1 5
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Table 46

ABSORPTION COEFFICIENT OF AIR (cm 1 ): T = 8000°K and p/po 10-

(p)h N2 (1 ) N2 (2+ ) N2 (I - ) NO (3 NO "y 02 (S- 1.T

2(1 2 2PD (0 Pff ITotal

1.9837 3.44 -8 3.44 -8

1.4168 1.25- 1.258

1.1020 3.72 -10 5.88 -9 6.25 -9
-10 -9 -9

0.9016 6.13 3.22 3.83
-10 -9 19 9-

0.7630 6.33 1.23- 1.94 3.85-
-1 9 -9 -90.6612 5.07 1.50 1.26 3.27

0.5834 2.75 -10 3.12 -10 1.63 -9 8.6i -10 3.08-9

0.5220 5.8811 6.64 1.12 1.74 -9 6.17 10 9.07
W 0.4723 5.85 5.12 -8 4.08 -11 1.81 4.55 - 5.36

0.4312 1.98 -10 1.79 -7 1.51 -10 1.29 -11 1.88 -9 3.47 -10 1.82 -7

0.3967 7.77 -10 4.04 -7 1.16 -10 3.09 -11 1.89 -9 2.70 -10 4.07 -7

0. 3673 1.81 -9 3.55 -7 2.71 -10 1.96 -11 1.91 -9 2.15 -10 3.59-7

-9 9 -8 3.49-10 6.13 -13 5.99 -11 2.87 -9 1.73 -10 9.87 -8

0.3199 2.98- 4.30 -10 1.00 4.88 - 3.40- 1.42 - 7.01-

0.3006 1.74 -9 6.65 -10 3.04-11 7.80 -11 3.67 -9 1.18 -10 6.30 9

0.2834 2.62 -10 6.75 -10 1.24 -10 9.14 -11 3.86 -9 9.85 -11 5.11 -9

0.2681 9.61 -10 2.92 -10 9.12 -11 3.99 -9 8.34 -11 5.42-9

0.2543 1.57 -9 8.19-10 1.15 -1i 4.10 -9 7.12-11 6.68-9

0.2419 1.10-
9  3.07 -9 5.16 -11 4.21 9 6.13 -11 8.49 -9

0.2307 1.19-9 1.50-9 1.89 -11 4.31 9 5.31 1; 7.079
9 -11 -9

0.2204 1.00 -9  9.01 10 4.13 -10 4.40 -9  4.64 k76
2 -9 9 -1 4.80-9 4.7-11 10-

0.2110 2.73 2.26 3.54 10 4.80 4.07 1.028

0.2024 1.31 - 1.96 - 3.28 -12 5.01 9 3.56 1 8.329
-9-1 -311 -9.20.1945 1.05 -9 8.05 -2 5.12-9 31 -1 6.1 9

-1 - -11 -90.1871 1.4112 5.23 9 2.81 11 26 9

0. 1803 2.97 -11 5.31 9 2.52 11 5.36 9
0.1740 8.13 -11 5.39 -9 2.26 5.49-

0. 1681 5.499 2.04 5.51
-9 -11 -9

0.1626 5.60 1.84 5.620.66-9 -11 -9
0.1574 5.68 1.68 5.70

0.1549 -11 -
5.76 1.53 1 5.78

-9126-11 -0. 1480 5.87 1.39 1 5.88
-9 -11 -90.1437 5.95 1.27 5.96

6.03 9  1.17-11 6.04-9
0.1397 6.11 1.08 6.12

0. 1359 6.19 99312 6.200-122-12 -90.1322 6.3019 9.15931 6.310
0.286.30~ 9.15 6.31

0.28-9 -12 -90.125 6.38 8.48 6.39
0 6.46 7.87 -12 6.47

0. 1224 -9 -12 6.5
0._6.54 9 7.30 _ _12 6.55

0.1195 -9 -12 -901,76.59 6.81 6.60
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Table 47

ABSORPTION COEFFICIENT OF AIR (cm - 1 ) T = 8000 K and p/po = 1 0 - 5

N 2(1 + ) N2(2) N2(1) NO 3 NOy O2 (S - R) PD(O- )  it -i(p1) 2 2______ 2P() Iff PTotaI

1.9837 3.23 -9 3.23 -9

1.4168 1.17 -9 1.17 -9

1.1020 3.26 -12 5.52-10 5.55 -10

0.9016 5.38 -12 3.02 -10 3.07 -10

0.7630 5.99 -12 3.57 -11 1.82 -10 2.24-10

0.6612 4.44 -12 4.34 -11 1.18 -10 1.66 -10

0.5834 2.41 -12 8.95-12 4.73 -11 8.08 -11 1.39 -10
-13 -10 -41 11U.5220 5. -13 1.90 9.9514 5.04-11 5.79 -11 2.99-10

0.4723 5.13 1.47 3.63 -13 5.24- 4.27 - 1.57
0.4312 1.74 -12 5.14-9 1.34-12 1.16 -13 5.43 -11 3.26 -11 5.23-9

-12 -81213 11 11 -
0.3967 6.81 1.168 1.03 12 2.78- 5.47 2.54- 1.17-
0.3673 1.58 -11 1.02-8 2.41 -12 1.76 -13 5.53 2.01 -11 1.03 -8

-1 9-2 -5 13 -9
0.3420 1.59 2.68 3.10 -12 -15 5.38- 8.30 1.63 -11 2.80 -

0.3199 2.61 3.82 -12 8.92 -14 .- 13 9.85 1.33 - 1.42 -10

0.3006 1.53 -11 5.91 -12 2.70 -13 7.01 -13 1.06 -10 1.10 -11 1.39-10

0.2834 2.30 -12 9 -12 1.10 -12 8.22 -13 1.12-10 9.24-12 1.31 -10

0. 2681 8.54 -12 2.59 -12 8.20 -13 1.16 -10 7.82-12 1.36-10
-11 -1 12U0 21

0.2543 1.40 7.2812 1.0312 1.1910 6.6812 1.48-10
0.2419 9.77 2.73 4.64 1.22 -10 -12 1.65 -1

0.2307 1.06 -11 1.33 -11 1.70 -13 1.25 -10 4.99 -12 1.59-10

0,2204 8.90 -12 8.01 -12 3.71 -12 1.27 -10 4.35 -12 1.52 -10

0. 11 2.42 -11 2.00 -11 3.18 -12 1.39-10 3.82-12 1.90 -10

0. 2024 1.16 -11 1.74-11 2.94-14 1.45 -10 3.34-12 1.77 -10

0. 1945 9.35 -12 7.23-14 1.48 -10 2.96 -12 1.60-10

0. 1871 1.27 -14 1.51 -10 2.64 -12 1.55-10

0. 1803 2.67 -13 1.54 -10 2.36 -12 1.57 -10

0. 1740 7.30 -13 1. 56 -10 2.12 -12 1.59 -10
-10 -12 -10

0. 1681 1.59 1.91 1.61-10 -12 -10
.61626 1.54 .73 1.64

-10 -12 -10
0. 1524 1.6 1.1 1.6

-10 -12 -10

0.156 1.591 1.91 1.61

A. 1A0n 1. 70 -1 .31 I .71 1
0.1626 1.72-10 1.20 -12 1.73-10

0.1437 17-0 1-2]17-
0.1397 1.7-10 1.0-12 1.76-10

-10 -12 -10
0.561.67 1.43 1.68

0.1322 1.79 -10 9.32 -13 1.80 -10

1.82-10 8.59 -13 1.83-10

0.129 1.85 -10 7.96 -13 1.86 -10
0.25-10 -12 -10

0.1224 1.87210 7.39-13 1.88310

0.1195 1.89-10 6.86 1.90

.1167 1.91 -10 6.39 -13 1.92-10
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Table 48

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 8000 K and p/po = 1 0 -

(p) N N2(1 + ) N2(2 + ) N( 4(1 NO /3 NOy 02 (S-Rt) 1PD(O-) ff

1. 9837 2.63 -10 2.63 -10
-11 -11

1.4168 9.57 9.57
-14 -11 -11

1.1020 2.14 4.49 4.49
-14-1-1

0.9016 3.53 2.46 2.46

0. 7630 3.93 -14 8.62 -13 1.49 1.58
-14 -12 -12-1

0.6612 2.92 1.05 9.64 1.07

-14 - -12 -12 -12
0.5834 1.58 2.05 1.14 6.58 7.94

05220 3.38 -15 4.36 -12 6.77 -15 1.22 -12 4.72-12 1.03 -11

0.4723 3.37 3.37 2.47 -14 1.26 -12 3.48 -12 3.85

0.4312 1.14 -14 1.18 10 9.14 -14 8.22 -16 1.31 -12 2.65 -12 1.22 -10
-14 -10 -16 -15 -12 -12 -10

0. 3967 4.47 -4 2.66 -0 7.02 -41.97 1.32 -2 2.07 -2 2.69-1

0.3673 1.0413 2.3310 1.64 1.25 1.34 1.6412 2.3610

0.3420 1.04 -13 6.14 -i1 2.11 -13 3.71 -16 3.81 -15 2.00 -12 1.33 -12 6.50 -11

0. 3199 1.71 -13 2.60 -13 6.07 -15 3.11 -15 2.38 -12 1.08 -12 3.90 -12

0.3006 1.00 -13 4.02 -13 1.84 -14 4.96 -15 2.57 -12 8.99 -13 3.99-12

0.2834 1.51 -14 4.08 -13 7.51 -14 5.82-15 2.70 -12 7.53 -13 3.96 -12
-13 -13 -15 -12 -1-2

0.2681 5.81 1.76 5.81 2.79 6.37 -13 4.19-12
-13 -13 -15 -12 -13 -12

0.2543 9.50 4.95 1 7.32 2.87 5.44 4.87

0.2419 6.65 -13 1.85 -12 3.29 -15 2.94 -12 4.69 -13 5.93 -12

0.2307 7.20 -13 9.06 -13 1.20 3.02 12 4.06 -13 5.05 -12

-13 -13 2.1-14 -12 -1-2
0.2204 6.06 -13 5.45 2.51 3.07 3.54-13 4.6012

0.211G 1.65 -13 1.36 -12 2.25 -14 3.35 -12 3.11 -13 6.69 -12
-.2024 7.93 1.19 2.09 3.50 2.7213 5.7612

131 2 -016 -12 -1-1

.1945 6.36 5.12 -16 3.58 -12 2.41 -13 4.46 -12
0.181 8.98 -17 3.65 -12 2.15 -13 3.87 -12

0. 1803 1.89 1 3.71 -12 1.93 -13 3.90 -12

0.1740 5.17 3.76 -12 1.73 -1 3.94 -12

0.1681 3.84 -12 1.56 -13 4.00 -12
0. 1626 3.91 -12 1.4113 4.0512

-12 1.28 -13 4.10 -12O~~~. 1574-1-3-2

0.1526 4.03 12 1.17 13 4.15 12
01180 4.10 -12 1.06 -13 4.21 -12

0.1437 4.16 -12 9.74 -14 4.26 -12O. 1437 -12-4-2
0.1397 4.21 8.93 -14 4.30 -12

0.1359 4.27 -12 8.23 -14 4.35 -12
2 4 -12 7.60 -14 4.41 -120. 1322-2 -1-2

4.40 6.99 4.47
0. 1288 -12 -14 -124.46 6.49 4.52
0. 1255 4.1-12 6.014 -12

4.51 6.02 4.57
0. 1224-2 -4-2S4.57 5.58 -14 4.63
0. 1195 -12-1-24.61 5.21 -14 4.66 -12
0.1167
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Table 49

ABSORPTION COEFFICIENT OF Ai (cm - ) T = 12,000 0K and p 10

N2(15 N2 (2') N'(1) NO NOY 02 (S - 11) PD(O) f PE(N)

1.9837 5.46 6.51 2 0 5.53

1.4168 1.99 "3. 96 -  1.246 -
!  2.52

1.1020 6.29 -1 9.39 -1. 6.20 -2 1.524 1 1.78
0.9016 1.12 5.14 1 4.48-1 1075 - 1 2.19

0.7630 1.39 4.13 -1 3.09-1 6 1 1.103-1 2.89

0.6612 1.29 5.03 -1 2.01 -1 5.04 1 1.290 -1 2.63
0.5834 8.46 -1 2.85 -3 5.48 -1 1.37 -1 3.62"1 9.61 -2 1.9

0.5220 1.67 -1 5.82 -2 1.18 -2 5.84 -1 9.81 2 3.15 -1 6.888 2 1.30
0-472R 9.88 -2 4.18 -I 3.73 -2 6.07 -1 7.24 -2 3.72 17.186 12 .68
0.4312 3.06 -1 1.24 1.10 -1 2.97 -2 6.29 1 5.49 2 5.31 -1 1.094 -1 3.01

0.3967 9.59 2.30 7.33 -2 6.23 -2 6.34 1 4.28 2 4.39 1 1.155 1 4.63

0.3673 1.84 2.20 1.47 -1 3.52 -2 6.41 1 3.40 2 3.48-1 9.155 2 5.34
-1 ~2 -2 -2

0.3420 1.55 6.02 1.72 -3 2.38 -4 9.73 2 9.621 2.74 2.9, 7.387 3.30

0.3199 2.72 1.891 3.83 -3 6.73 2 1.14 1 2.24 -2 3.10 1 6.045 -2 4.51
0.3006 1.60 2.621 1.202 9.822 1.23 -1 .86 2 3.40 -.353 2 3.62

0.2834 2.321 2.34 4.25 1.03 1.29 1.56 5.19 7.128 -2 2.51

0.2681 2.96 9.15 -2 9.37 -2 1.34- 1.32-2 4.39 17.435 2 2.34

0.2543 4.601 2.25 -1 1.05 -1 1.38 -1 1.12 2 3.74 1 1.142 -1 2.67

0.2419 2.91 -1 6.66 4.21 -2 1.41 1 9.67 -3 2.781 9.832 -2 2.80
11 2-1 -3 -1 -2

0.2307 2.90 2.89 1.41 -2 1.451 8.38 2.79 8.517 2.41
2.33 -1 -1 43 2.4 41 -2 25

0. 2204 2.33 1.99 1 .87 -1 1.47 -1 7.34 -3 2.44 1 7.441 2 2.51

0.2110 5.92 4.20 1 2.38 - 1.61 - 6.48 -3 2.15 -1 6.525 -2 3.15

0.2024 2.66 -1 3.63 -1 1.88 1.68 5.71 1.89 5.762 2.57-l.3 -1 -3 -1 2
0.1945 1.90 " 4.22 1.72 5.06 1.68 5.107 2.14*0.1945 6.76-4 1.751 4.50- 1.491 4.556 -2 1.94

-20 171-1 3 - .69- 90.1871 
1.412 1.78 4.01 1.341 4.0692 1.970.1740 
3.4 -2 1.81 -1 3.58 -3 1.20 -1 3.662 -2 2.010.1748 

1.84 -1 3.21 -3 1.08 -1 3.30 -2 1.98
0.63-1 -3 -2 -201626 1.88 2.88 9.80 2.988 2.010.1626 

1.91 - 2.59 -3 8.89 -2 2.714 2 2.03V.Au- - 3 -2 -0.1574 
1.93 -1 2.36 8.09 2.676 2 2.040.1526 1.97 - 2.15 -3 7.40 -2 2.257 -2 2.07

0.1480 
2.0 1.97 -3 6.77 -2 2.062 2 2.090.1437 3212.021 1.81 6.21 -2 1.894 2.27

0.1397 -
0.1359 2.05 1 1.67 -3 5.71 -2 1.741 1 2.28

2.08 1.54 5.27 26.561 2.79
0.1322 1 3 -2 - 3
0.1288 2.11 1.42 4.86 8.578 3.02
0.122.14 1.31 4.51 -2 1
0.1255 -1 i.22 - 3 4.182 .3 -I 2 95

0.1224 I2 1 -3 -2 -1I2.19 1. 13 - 3. 87 5. 859 2 92
0.1195 1 -3 - 2 - I2.21 1.06 3.62 - .380 2.89
0.1167

84

~~~~~~~. ... .. o o .... ... .. ... . . . . ......... .. . . .. ......- o, oo. . ... ,



Table 50

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 12,000OK and p/p =1

X N2(1
+ )  N2(2+ ) N(1) NO.0 NO y 02 (S-R) PD(-) 'ff 'PE(N) MPE(O) TWotaI

-1 -3 t1
1.9837 5.251 9.28 3 0 5.301

-1 -2 -2 -1
1.4168 1.91 5.64 1.313 2.60

-2 -2 -2 -2 -1.1020 1.28 -28.99 -2 8.84 -21.606 -2 1.28 -

0.9016 2.27 -2 4.92 2 6.382 1.133 -2 1.47 -1

0.7630 2.81 -2 1.35-2 2.96 -2 9.56 -2 1.163 -2 1.79-1

0.6612 2.62-2 1.64 -2 1.63 -2 7.18-2 1.360 -2 1.48-1

-2 i -a4  1.72 -2 -2 -2 -10.3583,: 1.72 1.88 1.78 1.31 5.162 1.013 21.O

0.5220 3.39 3.83 1.774.9 7.260 8.80
-3 -2 -4 -2 -3 -2 -3 -

0.4723 2.00 2.75 5.60 1.98 6.93 5.30 7.574 1.181

-3 -2 -3 - 2 - -2 -2
0.4312 6.21 8.15 1.65 3.30-4 2.05 5.26 7.57 1 153 2.031

0.3967 1.942 1.51-1 1.10-3 6.92-4 2.06 -2 4.10 -3 6.26 -2 1.217 -2 2.72-1

0.3673 3.73 -2 1.44-1 2.20 -3 3.91 -4 2.09 -2 3.25 -3 4.96 2 9.649 -3 2.68 -1

-2 -2 3-3 2 -3 -2 -3 -1
0.3420 3.14 3.96 2.58 3.57'" 1.08- 3.13 2.63 4.15 7.786 1.58

0.3199 5.52 2.84- 5.755 7.474 3.722 2.15 3 4.422 6.371 1.48

0.3006 3.26 -2 3.93 -3 1.81 -4 1.09-3 4.01 -2 1.78 -3 4.85 -2 6.696 -3 1.35 -1

0.2834 4.71 -3 3.50-3 6.38-4 1.14-3 4.21 -2 1.49 -3 7.40-2 7.513 -3 1.36-1

0.2681 4.453 1.37 1.04 4.362 1.26 6.26 2 7.837 1.221

-3 -3 -3 -2 -3 -2 -2 -1
0.2543 6.90 3 38 1.17 4.48 1.08 5.33 1.204 1.23

0.494.36 -3 9.99 -3 4.67 -4 4.59 -2 9.26 -4 3.96 -2 1.036 -2 1.11 -1

0.2419 -3 -2 -4 -2 -3 -1
0.2307 4.364 4.39 4.57 4.-2 9.26 3.96 80373 1302
0.2204 3.50 -3 2.98 -3 3.18 -3 4.80 -27.03 -4 3,48 -27.843 -3 1.01 -

0.2110 8.88-3 6.30 -3 2.64 -3 5.24 -2 6.20 - 1 0 -2 687- .8-
S 62 4 -3 -

0.2024 3.99 -  5.44 .  2.09 5.47 .47 - , . C 9 6.073 - 9.77 -
0.1945 2.85 -3 4.68 -5 5.59 -2 4.85 -4 2.39 -2 5. 383 -3 8.86 -2

87.50-6 5.71 -2 4.31 -4 2.12 2 4.802 -3 8.35-2
5.712 -4 -2 -3 -2

O1831.57 -4 5.79 23.84 -4 1.91 2 4.289 -3 8.18 -
-4 -2 -4 -2 -3 -2

0.180 4.31 5.882 3.434 1.712 3.860 3 8.062

-2 -4 -2 -3 -2
0.1681 6. 3. .54 .478 7

-2 -4 -2 -3 -2
0.1626 6.12 2.76 1.40 3.149 7.87

0.1574 6.202 2.48 - 1.27 2.861 7.78-2 -4 -2 -3 -2

0.15266.29 2.26 1.15 2.821 7.74
-2 -4 -2 -3 -2

0.1480 6.41 2.06 1.05 2.379 7.72

0.1437 6.50 2 89 9.652 2.173 7.702

-2 -4 -3 -3 -2
0.1397 6.582 1.73 8.85 1.996 7.68

6.67 1.60 8.14 1.835 -2 9.34
0.13596.76 -2 1.47 -4 7.51 -3 6.915 -2 1.45-1

0.1322 67 1 4 69 1
0.1288 6.88 2 1.36 -4 6.93-3 9.041 -2 1.66-1

0.1255 6.962 1.264 6.43 - 3  8.376 1.607.02 -4 -3 -2 -1

0.1224 7.05 21.17 5.96 7.772 1.547.14 1.08 - 5.54 7.229 1.440.1195 -2 -4 -3 -2 -1
7.20 1.01 5.16 6.725 1.45

0. 1167
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Table 51

ABSORPTION COEFFICIENT OF AIR (cm - 1 T =12,000°K and p/po =10- 1

40

A ) )  2 NI- )  NO NO 0 2 (S'-R) PD(O-) "ff 'PE(N) " PE(O) T Total

1.9837 5.07 -2 9.63 -4 0 5.17 -2

1.4168 
1.85 -25.86 - .303 - 2.57 -2

-4 -3 -4 -3 -2

0.9016 2.45 4  4.76- 6.63- 1.125 - 1.27-
0.7630 3.03 _4 4.16 -4 2.87 -3 9.92-3 L.154-3 1.47 -2

0.6612 2.83 - 4  5.06 -4 1.87-3 7.45-3 1.349-3 1.15-2r4 6 983 93.63 0 3 5.1
0.5834 1.85 6.46 5.52 1.27 5.35 1.005 8.37-4
055220 3.661 .32-4 1.82-6 5.88 -4 9.15 -4 4.66 -3 7.205 -4 7.05-3

0,4723 2.16 9.48 - 5.75 6.10 6.71 5.50 7.517 8.51

0. 4312 6.70 2.81 1.70 3.25 6.33 5.09 2.85- 1.144- 1.302

0.3967 2.10-4 5.21 -3 1.13-5 6.81-6 6.37 -4 3.97 -4. 6.49 -3 1.2083 1.42-2

-5# 03- 6 - 4- -42
0.3673 4.02 4.97 2.26 3.85 6.45 3.15- 5.15 9.576 - 1.242

0.3420 3.38 - 4  1.36 - 3  2.66 - 5  3.67-8 1.06-5 9.67-4 2.54-4 4.30-3 7.727-4 8.03 -

4 5 7- -3 -4 3 4 -3

0.3199 5.95 2.92 5.91 7.35- 1.15 2.08 4.58 6.323 7.46

4- -6 -5 -3 -4 -3 -4 -3

0.3006 3.51 -4.04 1.86 1.07~ 1.24 1.72~ 5. 03' 6.645 7.52

0.2834 5.08 -5 3.60 6.55 1.12 1.30 1.44 7.68 -3 ?.4564 9.s8s

0.2681 4.57 1.41 1.02 1.35 -3 1.22 4 6.49 3 7.177 3 8.81 -3
0.2543 7.09 3.47 1.15 1.38- 1.04 -  5.533 1.195 8.33

0.2419 4.48 - 5  1.03
- 4  4.60-6 1.42

- 3  8.97-5 4.11-3 1.023-3 6.80-3

0.2307 4.46
- 5  4.45 - 5  1.54-6 1.46-3 7.77-5 4.13-3 8.909-4 6.65-3

0.2204 3.60 3.06 3.135 1.48 6.815 3.61 7.73, 4 6.043

-5 -5 -5 -3 -5 -3 -4 -3
0.2110 9.12 6.47 2.60 1.62 6.01 3.18 6.825 5.72-5 -5 -7 -3 -5 -3 -4 -3

0.2024 4.10 5.59 2.06 1.69 5.30 2.80 6.027 5.24-5 - 3-5 -3-4 3

0.1945 2.93 4.61 1 73 4.70 2.48 5.342 4.82
-8 -3 -5 -3 -4 -3

0.1871 7.38 1.76 4.18 2.20 4.766 -4 4.483

O.1803 1.54 1.79 3.72 1.98 4.156 4.24

0.1740 4.24 1.83 3.32 1.77 3 131 4.02

1.85 2.98 1.60 3.4524 3.833

0.1626 1.89 2.67 1.45 3.125 -4 3.683

0.1-3 -5 3 -4 3
1.92 2.40 1.31 2.839 3.530.5 43 -5 -3 -4 -3

0.1526 1.94 2.19 1.20 2.749 3.44

0.14803 5 -3 4 -32.01 - 1.83 - 1.00-3 2.-157 - 3.25 -3

0.1 37 -3 54-432.03 -3  1.68 -5  9.18 -  1.981 3.160. 1397 2.06 -3 1.55 -5 8.45 -4 1. 821 -3 4.74 -3

2.09 1.43 5  7.794 6.863- 9.74-30. 1322 -
0.132 -3 -5 -4 -3 2

2.12 7.19 8. 973 1.18

0.1288 2.15 -3 1. %-5 6.67-4 8.313-3 1.11 -2

0.1255 2.18- 3  1.13- 5  6.18- 4  7.717-3 1.C5 -2

0.1224 3 -3 -3
2.21 1.04- 5.754 7.175 9.98

0.1195 -3 -6 -4 -3 -3

0.172.22 9.79 5.35 6.674 9.430. 1167
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Table 52

ABSORPTION COEFFICIENT OF AIR (cm - ) T = 12,OOO"K and p/ 0  -

A N2(1+  N2(2+  N (1 NO N 0 (
(A)) NO N 0 2 (S-R) PD(0") - ff PE(N) MPE(O) PTotal

1.9837 4.23 -3 8.83 -5 0 4.32 -3

1.4168 1.58-3 5.37 -4 1.231 -4 2.24 -3

1.1020 1.16 -6  7.43 4 8.41 
5  1.506 -4  4.79-4

0.9016 2.06-6 4.36 -4  6.08 4  1.062-4 1.16 -3

0.7630 2.55 -6 1.19 -5  2.63 -4  9.11 -4  1.090" 41.30 -3

0.6612 2.38-6 1.45 - 5  1.71 6.84 4  1.275 4  9.995 4-6-7-5-4-4-5! -4
0.5834 1.56 1.80- 1.58- 1.16 4.91 9.498 7.19

0.5220 3.08- 3.68 1.588 1.68 8.33 4.27 - 4  6.807 5.99-4

0.4723 1.82 2.64 -  4.988 1.75 .  6.15 .  5.05 4  7.102 5 6.82 . 4

0.4312 5.63- 7.83- 1.47 2.908 1.81 4.66 7.21 1.081 9.73-4

0.3967 1.76-6 1.45 4 9.80-7 6.09 8  1.83 5  3.63 5  5.96 1.142 4  9.11 4

0.3673 3.38-6 1.39 - 4  1.96-7 3.44-8 1.85 5  2.88 - 5  4.72 4  9.048 5  7.53 -4

0.3420 2.84-6 3.80-5 2.30-7 3.181c 9.50- 8  2.77 -5  2.33 - 5  3.95 - 4  7.301-5 5.60 - 4

0.3199 5.00 -6 2.53-7 5.12-9 6.57 -8 3.29 -5 1.90-5 4.21 -4 5.974 -5 5.38 -4

-6- 8 -8 -5 -5 -
0.3006 2.95-6 3.50 7  1.61-8 9.59 3.55 1.58 4.61 6.279 5.79-4

0.2834 4.27 '-7 3.12 -7 5.68 -8 1.00 -7 3.73 -5 1.32-5 7.04 -4 7.045 -5 8.26 -4

0.2681 3.96 -7 1.22 -7 9.15 -8 3.86 -5 1.12-5 5.96 -4 7.348 -5 7.20 -4

0.2543 6.15-7 3.01-7 1.03-7 3.96"5 9.54-6 5.08-4 1.129 -4 6.71-4

0.2-A9 3.88- 8.90- 4.11 8  4.06- 8.21 3.774 9.717- 5.24-4
0.2307 3.87- 3.86- 1.388 4.17- 7.126 3.794 8.417 5.13-

0.2204 3.12 -7 2.65- 2.80 7 4.25 5 6.236 3.31 4 7.354 5 4.55 4

0.2110 7.91-7 5.6' - 2.92- 7  4.63-5 5.50 2.92- 6.449"5 4.10 4
0.2024 3.557 4.85- 1.84- 4.84- 4.85 2.56- 5.695 3.67

-7 9 5 -6 4 5 4
0.1945 2.54 4.12-9 4.945 4.306 2.28- 5.047 - 3.334

.%-10 5 64 5 4
0.1871 6.60 5.05- 3.826 2.02- 4.503- 3.01

0.1803 1.38 -8 5.13 -5 3.40 -6 1.82 -4 4.021 -5 2.77 -4
0.1740 3.798 5.20- 3.04 1.63 4 3.619- 2.54

0.1681 -5.31 2.73-6 1.47 3.261 -5 2.3 -4

0.1626 5.41- 2.456 1.33- 2.953- 2.20 L
5.495 2.20 6 1.21 2.682-5 2.054

0.1574 4-
. 1526 5.57 -5 2.01-6 1.10 -4 2.645 1.95 -4

0.1480 5.67 -5 1.83 -6 .00 -4 2.231 -5 1.81 -4
0.1437 5.75 .5  1.67 -6 9.19 .5  2.038 .5 1.71 -4

0.1397 5.83 1.53 8.43 1.872 1.63
0.3 95.90 

- 5  1.42- 6  7..75 - 5  1.721 -4 3.10 -4
-5 -6 -5 -4 -4

0.1322 5.98 1.30 7.15 6.484 7.81
-5 -6 -5 -4 -4

0.1288 6.08 1.20-6 6.60 8.478 9.76
-5 - 5 -4 -4

6.16 1.11 6.12 7.854 9.090.25-5 -6 -5 -4 -4
0.1255 6.24 1.04 5.67 7.242 8.49

-5. 071254-4 -4
0.1295 6.32 9.56 5.28 6.779 7.954

0.611 -595. -7 -5 -4 -4

0. 1167 6.37 8.96 4.91 6.305 45

87

..": '.... 1.. .-.. . .. ,.. .-.. .-..'.. ... " .' .....- .- .- . . . .. -...".. ...',- , -,-. .. , - -,-.'.,..-.'.,.:-.- - . -. -.,"-" U.
::;,;,:. ,.. -, :.-,', .,',,",.'.,-...... ...-,:.-.,- ...-....-.-...- ... . .. -,, .'.C .....-. - - .- -'-.- - ..-.-.- ,.



Table 53

ABSORPTION COIEFFICIENT OF AIR (cni 1): T= 12,000 K and o/p ° = 10- 3

N N_2) N+ N ~ 0 _SR

A N2 (1+  N 2 (2+ ) N;(-) NO 2( NO O2 (S-R) "PD(O-) Pff PE(N) 'PE(Q) PTotal

1.9837 3.53 -4 6.r2 -6 0 3.60 -4

1.4168 1.29-4 4.03-5 1.016 5, 1.79 -4

1.1020 6.52- 9  6.06 - 5  6.31 -6 1.242-5 7.93-5

0.9016 1.16 -8 3.32 -5 4.56 -5 8.768 -6 8.76 -5

0.7630 1.44"8 2.71 -7 2.00-5 6.82 -5  8.986-6 9.75 "6

0.6612 1.34-8 3.30 -7 1.305 5.13-5 1.051 -6 7.61 -5

0.6834 8.78 9  3.67-9 3.59 7  8.836 3.68 - 7.829 -6 .38 - 5

0.5220 1.73 9  7.50 - 8 9.77 - 11 3.83 - 7  6.336 3.20-5 5.612-6 4.43 - 5

0.4723 1.02-9 5.38 -7 3.09-10 3.97 -7 4.67 -6 3.78 -5 5.859 - 6 4.93 -5

0.4312 3.18 -9 1.60 -6 9.13-10 1.97 - 1 0 4.12 -7 3.54-6 5.40 -5 8.913 -6 6.85 -5

0.3967 9.94 -9 2.96 -6 6.07-10 4.13 - 10 4.15 -7 2.76 -6 4.46 -5 9.410 -6 6.01 -5

0.3673 1.91 -8 2.82 -6 1.22-9 2.33-10 4.20 -7 2.19 -6 3.54 -5 7.459 -6 4.83 -5

0.3420 1.60 -8 7.75 -7 1.43 -9 1.97 - 1 2 6.45 - 1 0 6.30 -7 1.77 -6 2.96 -5 6.018 -6 3.88 -5
0.3199 -8 -9 ~-11 -0 - 6- 6-

.3199 2.828 1.57 3.17 4.46 -107.47 1.45 -6 3.15 4.925 -6 3.86

0.3006 1.66 -8 2.17 -9 9.97-11 6.51-10 8.06 -7 1.20 - 6  3.46 -5 5.176 -6 4.18 -5

0.2834 2.41 1.,93 3.52 -  6.81-10 8.47 1.006 5.28- 5.807 -6 6.04

0.2681 2.45 -9 7.58-10 6.21-10 8.77 -7 8.49 -7 4.46 -5 6.057 -6 5.24-5

0.2543 3.81 1.87 6.98-10 9.00 7.26 3.80 9.3046 4.895

0.2419 2.40 -  5.51 2.79 - 10 9.24 -  6.24 -  2.83 8.0106 3.78

0.2307 2.40 -9 2.39 -9 9.37 - 11 9.47 -7 5.41 -7 2.84-5 6.939 -6 3.68 -6

0.2204 1.93- 1.64- 1.90- 9.65 4.747 2.48- 6.062-6 3.23-5

0.2110 4.0 -9 3.48-9 1.58-9 1.05 -6 4.18-7 2.19-5 5.316 -6 2.875

0.2024 2.20 -9 3.00 -9 1.25 - 11 1.10-6 3.69-7 1.92-5 4.694 - 6 2.54 -5

-9 -1 - 7- 6 -
0.1945 1.57 2.7911 1.126 3.27-7 1.71- 4161-6 2.27-

0.1871 4.48-12 1.15 2.91 - 1.52- 3.7126 2.03 -
0.1803 9"3711 1.17-6 2.59- 1.36-5 3.3156 1.83-

-10 6 7 5-6 -5
0.1740 2.57 1.186 2.31 -7 1.22- 2.983 - 1.66
0.1681 1.21 -6 2.087 1.10 2.689-6 1.51

1.23-6 1.86-7 997 -6 2.434-6 1.38-50. 1626 .2 i.6 9.7 243 i.3
0.1574 1.25 1.67 9.04 2.211 1.27

-6 -7 -6 -6 -50.1574 1.27 1.53 8.23 2.180 1.18

0.1526 -6 7 6 -6 -5

6.1480 1.29 1.39 7.53 1.839 1.08

0.1437 1.31 -6 1.29 -7 6.89 -6 1.680 1.00 -5

0.1397 1.326 1.17 6.326 1.543 9.306

0.1359 1.346 1.08 5.81 -6 1.418 2.145
-6 -8 -6 -5 -5

0.1322 1.36 9.92 5.36 5.345 6.03

-6 -8 -6 -5 -50.1288 1.386 9.138 4.946 6.989~ 7.63 I

0.1255 1.406 8.47-8 459-6 6.474- 7.08-5
-6 -8 -6 -5 -5

0.1224 1.426 7.87 -8 4.25 -6 6.011 6.595
0.1195 1.446 7.268 3.966 5.588 6.1450.15-6 -8 -- 5 -
0 1167 1.45 6.81 3.68 5.198 5.72

88

..'T" -'--- - A - '-' t "' ' ' ' ' " "'- -'% " %, * " ". o . -. - *," " ' . *T w,. ,", • . . . . r.. . . . . i



Table 54

ABSORPTION COEFFICIENT OF AM (cm- ) T 12,000 K and p- 4

N2 (l) N1) N S-R) gPD(O-) 1Pff P'(N) 'Pi.(o) '-rotai(p) N2I+ N2 (2 ) N NOy O ffP(O

1.9837 1.59 " 2.907 0 1.62-5

1.4168 5.83 -6 1.76 -6 5.355 -7 8.89 -6

1.1020 1.25 -11  2.74 -6 2.76 -7 6.550 -7 3.68 -6

0.9016 2.22-1 1 1.50 -6 2.00 -6 4.620 -7 3.96 -6

0.7630 2.75 -11 3.63 -9 9.02 -7 2.99 -6 4.741 -7 4.37 -6

0.6612 2.56 -11 3.69 -9 5.88 -7 2.24 -6 5.544 -71 338-6

0.5834 2.56 -11 4.01 -9 3.99 -7 1.61 -6 4.130 -7 2.42-6

0.5220 1.68 -11  3.31-11 4.28 - 9  2.86-7 1.40-6 961-7 1.99-6

-12 118 18 -7 7~ 1.2

0.4723 3.32 6.76 2.25 4.44 2.11 1.66 - 3.0891- 2.19

1.26'81 -8-3 -7 -7199
-- - -7

0.4312 1.61 4.85 7.12 - 1  
4.61 -9 1.60 -7 2.37 -6 4.702-7 3.02-6

0.3967 6.08-1 2  1.44 -8  2.11-12 5.48-13 4.64 -  1.25-7 1.96-6 1 4.964-7 2.62-6

0.3673 1.90
-1 1  2.67-8 1.40-12 1.15 -

1 2  4.69-9 9.91 -8 1.155-' 3.935-7 2.07-6

-137

0.3420 3.65
1 1  2.55 -8 2.80- 12 6.49

- 1 3  7.04 -9 8.00 -8 1.30 -6 3.175 -71.71 -6

0.3199 3.07 -1 1  6.98-9 3.29 -12  4.55 -15  1.79 -1 2  8.36 -9 6.55 -8 1.38-6 2.598-7 1.71 -6

0.3006 5.40-1
1  3.62 -12  7.32-14  1.24-1

2  9.02-9 5.43-8 1.51 -6  2.731 -7 1.84-6

-8-7

0.2834 3.18 -1 1  5.01-12 2.30-1
3  1.81-12 9.48 -9 4.54-8 2.31 -6 3.069 - 2.67 -6

19 12 1 18-1 -71 -7

0.2681 4.61- 4.46 -  8.12- 1 9.81 -9 3.84 - 1.96 - 3.196 2.336

-12 12 12 -8-81 4.1

0.2543 5.67 1.15 1.73 1.018 3.28 1.67 -6 4.908 1 2.20

1 0.19 
-1 2  -12 282 8 8 14 -76

0.191.03 - 2.82 1.24 - 4.226 1.70

0.35.55
-12  1.06 -8 4 1.24 -6 3.661 -7 1.65 -6

-8 1 -

0.2204 5.53 -12  5.52
-1 2  2.61-13 1.55 .13 8 1.0 6 .6876 44 -6

0.2110 4.46 -12  3.79- 12  5.28-12  1.18 -8 1.89-8 9.58-7 2.804-7 1.27 -6

0.2024 1.13 -11  8.02-
1 2  4.38

- 12  1.23-8 1.67-8 8.42-7 2.477 -7 1.12-6

0.1945 5.08 - 1  
6.93- 1  

3.47 - 1 4  
1.26 -8 1.48 -8 .48-7 2.195-71 9.95-7

0.1871 3.63 - 1  7.77 - 1  1.28- 1.31- 6.64-7 1.9M -7 8.86-7 k

0.1803 1.25
- 1 4  1.30 -8 1.17 -8 5.97 -7 1.749 -71 7.97 -7

0.1740 2.61 -I32- 1.05- 5.34- 1.574-7 7.15-

13 8 9 7 -6

0.1681 7.15
- 1  1.35 -8 9.38 -9 4.81 -7 1. 418 -1 3.46-7

0.1626 1.38-8 8.42-9 4.36 - 1.284 -7 5.86-7

0.1574 1.40 
-8  

7.57 -9 . 3.96- 1.167 -71 5.35 -

0.1526 
1. 6150-7 4.96 -7

0.4 0 .4-8 6.28 9 3.30 -7 9. 701 8 i4. 48 -7

S..180 . 4 .4 . . . . . .

.1437 1.46 - 5.75 - 3.02 8.863 - 4.11 -
0.1397 1.48 - 5.28 - 2.77 -7 8.140 - 3.78 -

0.1359 1.50- 4.87 -9 2.54 -7 7.483 -7 1.02 -6

0.3 21.52-8 4.48 -9 2.35 -7 2.820 
-6 1 3.08 -6

0.1328 1.55 -8 4. 13 -9 2.16 -7 3.687 -61 3. 92 -6

0.1255 1.57 -8 3.83 -9 2.01 -7 :3.416 -6 3.64 -6
0.122,11.59- 3.56 -9 1.86 -7 I3.171 -6 3.38 -

0. I1951.61 -8 3.29 -9 1.73 - [2.948 -6 3.14 -

0.1167 1.62 -8 3.08 -9 1.61 -7 2.742 -6 2.92 -
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Table 55

ABSORPTION COEFFJCIENT OF AIR (cm - ) T = 12,000 K and p/o = 10- 5

2 N2(1) NO f NO O2 (S-R) PD(O) Pff PE(N) PPE(O) ProtaI

i.9837 2.97-7 5,26 - 9  0 3.02-7

1.4168 1.09 - 7  3.20 - 8 1.113-8 1.52

1.1020 4.10-15 5.10-8 5.01-9 1.361-8 6.96-8

0.901v 7.3015 2.79 -  3.628 9.60 -7378
0.7630 9.03- 15 8,64 - 12 1.68 - 8  5.42- 8 9.8509 8.098

0.6612 8.42 - 15 1.05- 1 1  1.05- 8  4.07 - 8  1.152 6.27-8

0.5834 5.52 - 1 4  7.98 - 14 1.15-11 7.43-9 2.92-8 8.582 4.52-8

0.5220 1.09 - i 5  1.63-12 8.51-17 1.22-11 5.33- 9 2.54 - 8 6.151 3.69-8
0.4723 6.44- 16 1.17- 11 2.69 - 16 1.27- 11 393-9 3.01-8 6.417 4.04-8

0.4312 2.00-15 3.47-11 7.95-16 2.38-16 1.31-11 2.98- 9  4.29- 8 9.769 557-8

0.3967 6.2515 6.4311 5.29-16 5.00-16. 1.3211 2.32 3.55-8 1.031 4.82
-.6314 6 -111 1.015 1 1 - 9 -0.3673 1.2e 6.14 1.06 2.82-16 1.34 11  1.84-  2.81-8 8.175 3.828
-14 -11 -15 -18 -16 -11 9 238 -9 -0.3420 1.01- 1.68-  1.24-  1.72 -  7.80 -  2.01- 1.49-  2.35 -  6.597 3.16 -8

0.3199 1.77 -14 1.37 -15 2.77 -17 5.39-16 2.39-11 1.22- 9  2.50 - 8 5.3989 3.16- 8

0.3006 1.05 - 14 1.89 - 15 8.69 - 17 7.87- 16 2.57- 1 1  1.01-9 2.75 - 8 5.6739 3.42- 8

0.2834 1.51-15 1.68-15 3.07-16 8.23-16 2.70-11 8.45-10 4.198 6.365 4.92- 8

0.2681 2.14-1 6.60-16 7.51-16 2.80-1 7.,1410 3.558 6. 639- 4.288

0.2543 3.32-15 1.63- 15 8.45-1 2.87-1 6.11-1 3.02- 1.020- 4.10-8

0.2419 2.10-15 4.801 3.37-16 2.95-11 5.25-10 2.25-8 870- 9 .198

0.2307 2.09-15 2.08-15 1.13-16 3.02-11 4.55-10 2.25-8 7.606-9 3.06-8

0.2204 1. . 1.43-15 2. 30-15 3.08-1 3.99-0 1.97-8 6.645 9 2.688
0.2110 4.27-15 3.03-15 1.91-15 3.36-11 3.521 1.74'8 5.82- 2.36-8

0.2024 1.9215 26215 1 1 3.10-10 1.3-8 . -9 2.0-8

0.1945 1.3715 3.38-17 3.59 - 11 2.75 - 10 1.36 - 8 4.561- 1.85 - 8

0.1871 5.42 3.6611 2.45 1.20 4.069- . -

0.1803 1.1362 3.72-11 18 - 10 3.-9  3.634- 1.47- 8
016 -11 -10 -9 -9

0.1740 3.11 1 3.77 1.95 9.67 3.270 1.328

0.1681 3.85-11 1.7-10 8.73 -  2.947-9 1.19-

0.39 -31198-10 0- 9 69- 8-

0.1626 3.931 1.57 7.-10 92 2.668- 1.088

0.1574 3.98 -11  1.4 - 10 7.8 -9 2.424 9.78

0.1526 4.04-11 1.28-10 6.54-9  2.60- .10 -

0.1480 4.11-11 1.17 - 10 5.98-9  2. 0169 8 .1 6
-q

-11 -10 -9 -9 -9
0.1437 4.17 1.07 5.47 1.84' 7.46

0.1397 4.2311 9.821 5.02 -  1.691 6.85-

0.1359 4.281 9.061 4.61~ 1.555 2.038
0.34.34-11 8.35-1 4.269 5.8598 6.30-8

0.1288 4.41-1 7.6911 3.939 7.6-8 80- 8

4.47-11 7.13-11 3.649 7.9-87.78

0.1224 453 11 6.62 11 3.38 - 6.589 8 694 8

0.124 45811 6.1111 3.14-9 6.1258 645 8
0.1167 j ___ ___ ___ 4.62-1 57311 2.92- 5.697 8 6.0 - 8
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Table 55

ABSORPTION COEFFICIENT OF AIR (cm- 1 ) T 12,0000 K and p/p = 10-

N2 (1+ ) N2 (2+ ) N2() NO P NOv 0 2 (S-R) A JAPD(O) ff(P) 2 ( PD )"f PE(N) PE(O) TrOWa

1.9837 2.97- 7  5,26-9  0 3.02- 7

1.4168 1.09 - 7  3.20 - 8 1.113-8 1.52-7

1.1020 4.10-15 5.10 - 8  5.01-9 1.361-8 6.96- 8

0.901 7.30 - 15 2.79 -8 3.62 - 8 9.60 -9 7.37-8

0.7630 9.03- 1 5  8.64 - 1 2  1.68 - 8  5.42- 8  9.850 - 9  8.09-8

0.6612 8.42-15 1.05 - 11 1.05- 8 4.07-8 1.152 - 8 6.27-8
0.5834 5.52 - 1  7.9814 1.15 -11 7.43- 9 2.92 -8 8.582 -  4.52-8

0.5220 1.09- i 5  1.63 - 12 8.51-17 1.22- 11 5.33-9 2.54 - 8 6.151-9 3.69- 8

0.736416 -11 -16 -11 -9 -9 80.4723 6.44- 16  1.17 -11  2.69 - 16  1.27 -11  3.93- 9 3.01-8 6.417 - 9  4.04 - 8
0.4312 2.00 1  3.47- 11 7.9516 2.3816 1.3111 2.98-  4.29-  9.769-  5.57- 8

0.3967 6.2515 6.4311 5.2916 5.00- 16. 1.3211 2.32 3.55 1.031-8 4.828

0.3673 1.2P- 1 4  6.14 -11 1.06- 15 2.82-16 1.34 -11 1.84- 9  2.81-8 8.175 - 9  3.82-8

0.3420 1.01-14 1.6811 1.24-  1.7218 7.80- 16 2.01-11 1.49-  2.35 -  6.597 - 9 3.16 -

0.3199 1.77 - 14 1.37- 15 2.77- 17 5.39- 16 2.39 - 11 1.22- 9  2.50 - 8 5.398 - 9  3.16- 8

0.3006 1.05 -14 1.89- 15 8.69 -17 7.87 "16 2.57 -11 1.01-9 2.75 -8 5.673 - 9  3.42- 8

0.2834 1.51-15 1.68 - i5 3.07 -16 8.23-16 2.70 - 11 8.45- 10 4.19-8 6.365 - 9  4.92-8

0.2681 2.14- 15 6.60- 1 6  7.51-16 2.80 - 11 7.14 - 10 3.55 - 8 6.639- 9  4.28- 8

0.2543 3.32- 15 1.6315 8.45- 16 2.87 - 1 1  6.J1- 1 0  3.02 - 8 1.020- 8 4.10- 8

0.2419 2.10- 15 4.80- 15 3.37- 16 2.95 - 11 5.25- 10 2.25- 8 8.780- 9  3.19- 8

0.2307 2.09-15 2.08-15 1.1316 3.02-11 4.55 -10 2.25-8 7.606 - 9  3.06- 8

0.2204 1 . 6 8 -1h 1.43-15 2.30 - 15 3.08 -11 3.99- 10 1.97- 8 6.645- 9  2.68 - 8

0.2110 4.2715 3.03 -15 1.91-1 5  3.36 -11 3.52- 10 1.748 5.827- 9  2.36 - 8

0.2024 1.92-15 2.62-15 1.51- 17  3.51-11 3.10 - 10 1.53-8 5.146- 9 2.08-8

0.1945 1.37-15 3.38-17 3.59-11 2.75 - 10  1.36 -8  4.561-9 1.85- 8

0.1871 5.42-18 3.66-11 2.45 -10 1.20 -8 4.069- 9  1.",4 - 8
0.1803 1.13 3.7211 2.1810 1.088 3.634 -  1.47-8

0.1740 3.11-16 3.77-11 1.95-10 9.67 - 9  3.270- 9  1.32-8

0.1681 3.85-11 1.75-10 8.73-9 2.947-9 1.19-8

0.1626 3.93-11 1.57 - 10 7.92-9  2.668- 9  1.08- 8

-11 -10 -9 9 -90.1574 3.98 1.41 . 7.18 2.424- 9.78 -

11 -10 - 9 - 9 - 9
0.1526 4.0411 1.28 6.54 2.309 9.10

0.1480 4.11-11 1.17-10 5.98-9  2. 016 - 9  8.16 - q
0.1437 4.1711 1.0710 5.479 1.841- 7.46-

0.1397 4.2311 9.8211 5.02 -  1.691 6.85

0.1359 4.28-11 9.06-11 4.61-9 1.555-8 2.03-8

0.1323 4.34 - 11 8.35- 11 4.26- 9  5.859
- 8 6.30- 8

0.1288 4.41-11 7.69-11 3.93-9 7.660-8 8.07-8

0.1255 4.47-11 7.13-11 3.64-9 7.097-8 7.47-8

0.1224 4.53-11 6.62-11 3.38-9 6.589-8 6.94-8

0.1195 4.58-11 6.11-11 3.14-9 6.125-8 6.45-8

0.1167 4.6211 5.73 11  2.92 -  5.6978 6.0 -8

90



Table 56

ABSORPTION COEFFICIENT OF AIR (cm -  T = 12,000 °K and p/po = 10- 6

N( + +) T + (S.-R)I
A N211) N2 (2) !N 2 1") NO NOv O2 "PD(O ) f PE(N) PE(O) Total

1.9837 1.30 9  -i  0 3.36 -9

1.4168 1.21 9  3.54 -10  1. 271-10 1.69 .9

1.1020 5.00 -17  
-2.681

0  5.54 -11 1.555 -10 7.74- 0

-110.916 .91-1 3.1 0 .0010 ,7.0 4.21010

0.5834 6.73 -17  9.25 17  1.38- 14 8.28 -l l  3,23 -10  E.8, - 5.04 -10

0.5220 1.33
- 1 7  1.89

- 1 5  1.07 - 2 0  1.47
- 14  5.93 - 1 1  2.81- 10 7.026- 1 1 4.10

- 1 0

0.4723 6.41-1 1.36 "  3.40-  .52-  4.38 "l1 3.32-10 7,330-11 4.49 -10

0.4312 1.99-17 4.02 -14  1.00-19 3.09 -20  1.58 - 14  3.32-1 1  4.74-1 1  1.116- 11 6.19 - 10

-17 7.0 20Z4 11 -10 3811 10
0.3967 6.2217 -14 6.67-20 6.48-20 -14 2.59- 3.92 -10 5.-10

0.3673 1.19 7.11 1.34 3.66 1.61 2.05 3.11 9.338-1 4.2510

0.3420 1.00-16  1.95 -"4  1.57 -19 2.17 - 22  1.01-19 2.42- 14  1.66 - 11  2.60 -10 7.535-1  3.52 -10

0.3199 1.76 - 16 1.72 -19 3.49 21  7.00 -20 2.87 - 14  1.36 -11  2.77 -10 6.166 -11 3.53-10

0.3006 1.04-16 2.3919 1.10 -20  1.02-1 9  3.09- 14  1.13-1
1  3.04- 10 6.480-11 3.80-10

0.2834 1.51-17 2.12 -1
9  3.87 -20 1.07-1

9  3.25- 14  9.41-12 4.64- 10  7.271-1 5.46 -10

0.2681 2.70- 19 8.33- 20 9.74 -20  3.36- 14  7.96 -1 2  3.92-10  7.584
-1 4.76 -10

0.2543 4.19 - 19 2 .05 1 3.10-19 3.4514 6.80 -12 3.34-10 1,165 4.5810
0.2419 2.64-19 6-06 4.3820 3.55 5.8- 2.48 003 -  3.54

0.2307 19 19 -20 -14 .. .4w ,8- i i3.10

0.230 2.64-1 9  2.6319 1.47 3.64- 5.07" 2"49 8687- 34110

0.2204 2.1219 1.811 2.98 3.70 4.4 1  2.18 -10 7.590-  2.98-1

0.2110 5.3919 3.82-19 2.47- 4.0-14 3.92 1.9210 6.C56 2.6310
"19 1- 21 -1 12 -10 -10.2024 z.42 3.30-19 1.96- 4.22 3.46 1.69 5.87911 2.3110

0.1945 1.73-19 1 3.06-12 1.50- 10 5.209 - 11 2.0510

0.1871 2.72-12 1.33-10 4.647-11 1.83-10

0.1803 1.47-20 4.47-314 2.42-12 .20-1
0  4.150-11 1.64-10

0.1740 4.04-20 4.54_14 2.17-12 1.07-10 3.735-11 1.46-10

0.1681 4.6214 1.9 4-19 9.55-11 3.366-11 1.32-10-14 752 - 1-11 1

0.1626 4.72 1.7412 8.75 3.04811 1.20 -10

0.1574 4.79 1.57-12 7.94 2.768 -11 1.09 -10
-14 -12 -11 -11 -10

0.1526 4.85 1.43 1 2 7.23 2.73011 1.01

0.1480 4.95 1.30 6.61 2.302 9.04

0.1437 -14 1.19-12 5.05-i1 2.103-11 8.27-11
*.47-1 -12 - 11 -1 1

0.1397 5108 109 5.55 1.9321 7.5911-1.C
4  

- 12 -11

0.1359 5 14 1.01-12 5.10 1.776-11 2.30 - 10

0.1322 5.22 j 9.29 -13 4.71-11 6.692 11 7.17 -10

0.1288 5.31-14 8.56-  4.34 -11  8.750 11 9.19 -10

0.1255 7.94- 13 4.03 -11 8.10611 8.52 -100.1224 5.44 7.37- 13 3.73 -11 7.526- 1  7.91-10
0.1195 5.51 6.81-13 3. 11 6.996 -11 7.35 -10
0.1167 

5.55 6.39-1' 3.23" 1' 6.508 -11 6.84-10

0.16
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Nc. 23. Forecasting Re!ationships Between Upper Level Flow and Surface Meteorological Processes,

J. J. George, et al, Aug 1953.

No. 21. Contributions .o the Study o! Planetar Atmospheric Circulations, edited by Robert M. White,
Nov 1953.

No. 25. The Vertical Distribution of Mie Particles in the Troposphere, R. Penndorf, Afar 1554.

No. 26. Study of Atmospheric lons in a Nonequilibrium Systcm, C. G. Stergis, Apr 1954.
No. 27. Investigation of \licrobarometric Oscillations in Eastern Massachusetts. E. A. Flauraud, A. 11.

Mears, F. A. Crowley, Jr., and A. P. Crar, May 1954.
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I GEOPHYSICAL RESEARCH PAPERS (Continued)

No. 28. The Rotation-Vibration Spectra of Ammonia in the 6- and 10-Micron Regions, R. G. Breene,
Jr., Jun 1954.

No. 29. Seasonal Trends of Temperature, Density, and Pressure in the Stratosphere Obtained With the
Searchlight Probing Technique, Louis Elterman, Jul 1954.

No. 30. Proceedings of the Conference on Auroral Physics, edited by N. C. Gerson, Jul 1954.

No. 31. Fog Modification by Cold-Water Seeding, Vernon G. Plank, Aug 1954.

No. 32. Adsorption Studies of Heterogeneous Phase Transitions, S. 1. Birstein, Dec 1954.

No. 33. The Latitudinal and Seasonal Variations of the Absorption of Solar Radiation by Ozone, J.
Pressman, Dec 1954.

No. 34. Synoptic Analysis of Convection in a Rotating Cylinder, D. Fultz and J. Corn, Jan 1955.

No. 35. Balance Requirements of the General Circulation, V. P. Starr and R. M. White, Dec 1954.

No. 36. The Mean Molecular Weight of the Upper Atmosphere, Warren E. Thompson, May 1955.

No. 37. Proceedings on the Conference on Interfacial Phenomena and Nucleation; Vol. 1, Conference
on nucleation; Vol. 11, Conference on nucleation and surface tension; and Vol. III, Confer-
ence on adsorption; edited by H. Reiss, Jul 1955.

No. 38. The Stability of a Simple Baroclinic Flow With Horizontal Shear, Leon S. Pocinki, Jul 1955.

No. 39. The Chemistry and Vertical Distribution of the Oxides of Nitrogen in the Atmosphere, L. E.
Miller, Nov 1954.

No. 40. Near Infrared Transmission Through Synthetic Atmospheres, J. N. Howard, D. L. Burch and D.
Williams, Nov 1955.

No. 41. The Shift and Shape of Spectral Lines, R. G. Breene, Sep 1955.

No. 42. Proceedings of the Conference on Atmospheric Electricity, R. Holzer and W. Smith, Nov1955.

No. 43. Methods and Results of Upper Atmosphere Research, J. Kaplan, G. Schilling and H. Kallman,
Nov 1955.

No. 44. Luminous and Spectral Reflectance as Well as Colors of Natural Objects, R. Penndorf, Feb
1956.

No. 45. New Tables of Mie Scattering Functions for Spherical Particles, Parts 1 through 6, R. Penn-
dorf and B. Goldberg, Mar 1956.

No. 46. Results of Numerical Forecasting With the Barotropic and Thermotropic Atmospheric Models,
W. Gates, L. S. Pocinki and C. F. Jenkins, Aug 1955.

No. 47. A Meteorological Analysis of Clear Air Turbulence (A Report on the U. S. Synoptic IHigh-
Altitude Gust Program), 11. Lake, Feb 1956.

No. 48. A Review of Charge Transfer Processes in Gases, S. N. Ghosh, W. F. Sheridan, J. A. Dillon,
Jr. and H. D. Edward, Jul 19,55.

No. 49. Theory of Motion of a Thin Metallic Cylinder Carrying a ligh Current, C. W. Dubs, Oct 1956.

No. 50. Radar-Synoptic Analysis of Hurricane Edna. 1954, E. Kessler, Ill and D. Atlas, Jul 1956.
No. 51. Cloud Refractive Index Studies, R. M. Cunningham, V. G. Plank and C. F. Campen, Jr., Oct

1956.

No. 52. A Meteorological Study of Radar Angels, V. G. Plank, Aug 1956.

No. 53. The Construction and Use of Forecast Registers, I. Gringorten, I. Lund and M. Miller, Jun
1956.

No. 54. Solar Geomagnetic and Ionospheric Phenomena as Indices of Solar Activity, F. Ward Jr., Nov
1956.

No. 55. Preparation of Mutually Consistent Magnetic Charts, Paul Fougere and J. McClay, Jun 1957.

No. 56. Radar Synoptic Analysis of an Intense Winter Storm, Edwin Kessler, li, Oct 1957.

No. 57. Mean Morthly 300- anti 200-mob Contours and 500-, 300-, and 200-mb Temperatures for the
Northern Ilemisphere, E. W. Wahl, Apr 1958.
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GEOPHYSICAL RESEARCH PAPERS (Continued)

No. 58. Theory of Large-Scale Atmospheric Diffusion and its Application to Air Trajectolies; Vol. 1;
Vol. II, The downstream probability density function for various constant values of mean
zonal wind; Vol. III, The downstream probability density function for north america and
eurasia: S. B. Solot and E. M. Darling, Jr., Jun 1958.

No. 59. Project Prairie Grass, A Field Program in Diffusion; Vol. 1 and Vol. I1, edited by M. L.
Barad, Jul 1958; Vol. II1, edited by Duane A. Haugen, Jun 1959.

No. 60. Observations on Heavy Primary Cosmic Ray Nuclei Above the Atmosphere, H. Yagoda, Jul
1958.

No. 61. A Numerical Investigation of the Barotropic Development of Eddies, Manfred M. Holl, Dec
1958.

No. 62. Spurious Echoes on Radar, A Survey, Vernon G. Plank, May 1959.

No. 63. Scientific Studies at Fletcher's Ice Island T-3, 1952-1955; Vol. I, Sep 1959; Vol. II, Dec 1959;

Vol. III, Apr 1959; edited by Vivian Bushnell.

No. 64. Meteorological Measurements and Field Program of "Projet Jet Stream" from 1956 to 1958, Roy

Al. Endlich and Robert M. Rados, Oct 1959.

No. 65. Global Fallout and its Variability, E. A. Martell, Oct 1959.

No. 66. Ilydrodynamic Mndel of Diffusion Effects on Shock Structure in a Plasma, 0. W. Greenberg,

H. K. Sen, and 1'. M. Treve, Dec 1959.

No. 67. A Numerical Model for the Prediction of Hurricane Formation, L. Berkofsky, Mar 1960.

No. 68. Absorption Coefficients of Air, R. E. Meyerott, J. Sokoloffand R. W. Nicholls, Jul 1960.
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